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The illustration shows a partial shipment of 30", 48" and 
72” diameter Biggs Electrically Welded Steel Pipe (50,000- 
ft. contract) in transit to Detroit, Kansas City, and Mon- 
roe, Michigan. 


Biggs Welded Steel Pipe 


| WATER WORKS engineers everywhere are placing 
hsures i tach more and more steel pipe in the ground each year 
because of: 1. Its dependability. 2. its long life. 3. 
Its superior structural strength and ductility over all 


Maximum ag types. 4. Its low first cost and maintenance. 5. 


he continuity of service and freedom from rupture 


whick is assured. 
a ety Biggs Electrically Welded Steel Pipe represents that 
‘medium at its best, because: 1. It is manufactured 
under a welding procedure which controls all variables 
and predetermines definite results. 2. Its 100% joint 
efficiency has been assured by countless bend, tension, 
torsion, and hydrostatic tests which are impossible with 
any other type of steel pipe and which have clearly 
demonstrated that the Biggs weld is stronger than the 
plate itself. 3. Its smooth interior yields a maximum 
carrying capacity. Average ‘“‘C’’ of 139. 4. The seams 
% are welded automatically from both sides, producing a 
os eal flexible, balanced weld. 5. It is furnished in 
ae long lengths—from 30 to 36 feet without intermediate 


4 seams. 


Data will be cheerfully furnished upon request. 
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USE OF WATER IN ARID AND SEMI-ARID CITIES! | 
By N. T. Veatcu, JR? _ 


In designing water supply works for cities, the engineer is con- 
fronted with the problem of estimating the quantities of water which 
must be supplied. In solving this problem in arid and semi-arid sec- 
tions of the country, consideration must be given to many factors 
which in more humid sections have but little effect upon the demand. 
Among these factors are the extensive use of water for irrigation 
purposes, the long periods of dry weather and high temperatures, and 
the extent of periods during which the use of water is maintained at a 
high level. In designing distribution systems, an important factor 
to be considered is that the maximum demand usually occurs in the 
higher class residential sections, rather than in the business or in- 
dustrial sections. The relation of demands in several different cities 
is given in table 1. 

Data given in table 1 are believed to be reasonably accurate, as the 
figures were obtained during detailed studies of the supply and dis- 
tribution systems. Venturi meter records of usage were available 
in most cases. Evansville is included in the table for comparative 
purposes. 

From table 1 it is seen that in the strictly arid cities such as Phoenix 
and Tueson, the average consumption is much greater than in the 
cities in the humid sections. The best comparison of the relation 


1 Presented before the St. Louis Convention, June 6, 1930. " soy 
? Consulting Engineer, Kansas City, Mo. 
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between demnduide in arid and humid sections can be gotten from the 
figures for Evansville and Tucson. At the time the data were col- 
lected, both cities were served by direct pressure, and both were 
fairly well metered, Evansville being nearly 100 percent and Tucson 
slightly over 80 percent. The ratio of maximum hour to maximum 
day is lower for Tucson because the maximum demands extend over 
more hours per day and more days per month. The variation be- 
tween minimum day and maximum day at Tucson is from 3 to some- 
thing over 10 million gallons which is reflected in the ratio of maxi- 
mum day to average day. Figure 1 shows the variation between 
minimum, maximum, and average consumption at Wichita Falls, 
Texas. 

TABLE 1 


Showing demands in several cities, having different espiibisaliiad conditionsy 
gallons per tap 


Maxi- 
a our 
yout of day | day | ‘day 
403 540 896 | 1384) 222) 166 
916 1,623 | 2,220) 177 | 225) 137 
| 884 1,402 2, 386 159 270 170 
Palle. | 327 578 1,085 | 177 333 188 


As will be shown more clearly in data given later in this paper, it 
is difficult to draw any definite conclusions from water consumption 
data from different cities, on account of the fact that no two cities 
have similar conditions of service. The amount of industrial con- 
sumptions differs, the existence and amount of elevated storage 
varies, and in fact each city presents a separate and distinct problem. 
However, the demands for water in cities in arid and semi-arid re- 
gions present unusual problems, not only in amount of supply neces- 
sary, but particularly in regard to the design of distribution systems 
to meet the demands for irrigation. Figure 2 shows the relation of 
water consumption to temperature and precipitation in several cities, 
and shows the comparison between cities in arid and humid regions. 

The relation between temperature, precipitation, and pumpage at 
Tueson, Arizona is shown in figure 3. The effect of both temperature 
and precipitation upon the pumping rate, is clearly shown. ‘Be hes 
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The demand for irrigation purposes is the main reason for the | 
heavy consumption in arid and semi-arid cities. In connection with 
an investigation at Tucson, a detailed study of irrigation demands was 
made. Mr. Richard Bennett, Superintendent, Water Department, 
prepared scaled plats of some thirty tracts of land in the residential 
sections, in order to determine the area of lawns and gardens actually 
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irrigated and the quantity of water used for this purpose. The 
entire area of the city was then classified as to the extent of use of 
water for irrigation. In those sections occupied by the better class ee; 
residences it was found that approximately 38.5 percent of the total 
area (including streets and alleys) is actually irrigated and that the 
average quantity of water used during the maximum month is 30 
gallons per 100 square feet of lawn area per day. In those sections 
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occupied by average or middle class residences, the percentage of 
total area actually irrigated was about 17.5 percent, and the quantity 
of water used approximately 10 gallons per 100 square feet of lawn 
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4, or TotaL ConsumMpTION AS TO INDUSTRIAL, NORMAL 
Domestic AND IRRIGATION Uses—WicuiTa Texas 


area per day. For the whole area of the city, comprising some 4,281 
acres, it was found that the net area irrigated at the higher average 
rate was 320 acres, the net area irrigated at the lower average 
rate was 281 acres, while the balance, or 3,681 acres (including all 
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streets and alleys), is not irrigated at all. On this basis, then, the 
total quantity of water used for irrigation during the maximum 
month is approximately 5.5 million gallons per day, which is approx- 
imately 64 percent of the total pumpage; the average per eapita use 
for irrigation is 151 gallons per day, and that for domestic and indus- 
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Fig. 5. MontHty WATER CONSUMPTION AT DENVER 


“Water Consumption and Sewage Discharge at Denver,’’ Engineering News- 
Record, April 5, 1928 


trial uses is 84 gallons per day. The latter figure is to be compared 
with 101 gallons per capita per day average use for all purposes 
during the maximum month at Evansville, Indiana. 

Mr. A. H. Woods, Superintendent of Waterworks at El Paso, 


Texas, has furnished some interesting data on the use of water for 
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irrigation in that city. They indicate that during the maximum 
month the quantity used for irrigation averages 46 percent of the 
entire pumpage, and that the average use of water on lawns and 
gardens that are well maintained is approximately 30 gallons per 100 
square feet of area actually irrigated per day during the month of 
maximum consumption. As will be noted, this agrees with the 
figures for Tucson. 


Curve 1. Average of 12 Selected Large 4 | | 
260K. Consumers of Water for Irrigation. J 
Curve 2. Average of 2 Selected Blocks [| Curve Average of 2, Blocks 
in Poorest Residential Section. 7 in First Class Residence 
District. Residences with 7 
Lawns 100 to 150-ft. wide. + 
Curve 2. Average of 2 Blocks — 
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Fig. 6. VARIATION IN WATER CONSUMPTION BY MONTHS FOR FIFTEEN-MONTH 
Periop Enpine Aveust 31, 1926—Wicnita Fais, Texas 


At Wichita Falls, Texas, the use of water for irrigation during the 
maximum month, in 1926, averages 58 percent of the total pumpage, 
although the average per capita quantity so used is but 37 as com- 
pared to 151 gallons per day at Tucson. Figures 4 and 5 show the 
relation, in Wichita Falls, Texas, and Denver, Colorado, of water 
consumption for irrigation to the total. Figure 6 shows the effect of 
irrigation of water consumption for several selected customers at 
Wichita Falls. = 
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Mr. A. H. Douglas, Superintendent Water Department, Wichita _ 
Falls, has furnished data from ten selected consumers practicing 
extensive irrigation, and ten medium users. The figures cover the i: ‘ 


average use for irrigation purposes alone of 1.97 acre feet for ‘he ex- 
tensive users, and 0.89 acre feet for medium users. As the growing 


BEM TABLE2 lo. “Sy odT 
Apparent irrigation duty in several ile 


Expressed in acre feet per year 
AVERAGE MAXIMUM MAXIMUM | ESTIMATED 

DAY MONTH DAY DUTY 
Denver, Cole... 0.285 1.28 1.69 2.5 
Walla Walla, Wash................... 1.71 
Pocatello, Idaho..................... 2 yin 2.34 1.17 
Reno and Sparks, Nev............... 7 3.75 
Salt Lake City, Utah................ 0.67 3.33 
0.7 1.43 3.5 
0.49 
Billings, 0.735* 
Grand Junction, Colo................ 1.60 2.4 2.4 
1.26 1.75 3.29 


* Five months. 
7 Six months. 


season is largely covered by the period for which data are given, it 

would appear that an average figure of 2.0 acre feet would be ample _ 
to meet the irrigation demands. Wichita Falls is semi-arid, having 
an average annual rainfall of 28.59 inches. However, the rainfall | / 
varies from about 12 inches to 47 inches. The monthly precipitation _ 
varies from nothing to 12 inches. Out of 392 months of record 7 . 
1926, only 22 man no > rainfall. Therefore the above figures on an 
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water for seleetton dealt not be used in cities more strictly classified 
as arid. 

The use of water for cnaubians varies, due to other causes than 
aridity, etc., as shown by the fact that at Yuma, Arizona, practically 
none is so used, while at El Centro, California, only 30 miles from 
Yuma, approximately 40 percent of the total pumpage is used for 
irrigation. 

The ‘“‘duty” of irrigation water used on lawns and gardens or the 
annual unit quantity required to maintain a lawn or to grow “grass” 
crops, bears some relation to the distribution of rainfall during the 
growing season. At Tucson, where the growing season extends for 
ten months of the year, with practically no rainfall during eight 
months of this time, well maintained lawns require approximately 84 
inches of water per year. At Wichita Falls, where the growing 
season is eight months, the rainfall is normally quite well distributed 
through these months, and only some 24 inches of additional water 
is required for well maintained lawns. 

In table 2 is given what had perhaps best be termed “apparent” 
irrigation duty for several cities, which figures have been obtained 
from data furnished in questionnaires. These data, in general, 
expressed the opinion of the Superintendent and were not based on 
detailed investigation. 

At Bisbee, Arizona, a city of 18,000 population, an unusual situa- 
tion exists, in that a city in an arid section, with an annual average 
rainfall of approximately 18 inches, has a per capita consumption of 
only 30 gallons per day. In reply to inquiry as to the reasons for 
such a situation, Mr. I. A. Rosck, Manager, Arizona Edison Com- 
_ pany, gives the following interesting information: 


We note that you question our figures in relation to number of gallons 
pumped and population served. In this connection I wish to state that we 
are pumping our water 9 miles against an elevation of more than 1,000 feet, 
which makes a pressure at our pumps at the station for static and friction head 
about 600 pounds per square inch. Consequently, as you will note from the 
enclosed rate card, our water rate is very high, which means that people have to 
economize on the quantity used. Also as this is a mining community built 
in among the mountains, we have very few lawns and scarcely no water at all is 
used for irrigation. We think this will answer the question of the low con- 
sumption per capita. 

The second question you asked, regarding watering gardens and lawns in 
Bisbee. As explained above, we have few lawns and gardens. Some irriga- 
tion, however, is done by water furnished from one of our mines. This is 
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principally done in the suburb of Bisbee which is called Warren. Outside -* 
this very little irrigation is done. 

We note that you think that the density of population being 29.1 per acre is 
very dense for an Arizona city. However, the reason for this is that the city 
of Bisbee originally started among the mountains in a very narrow canyon, 
and as the city grew it became necessary to crowd houses very close together in 
order to find enough space for the houses required. This is also the reasonwe 


do not have any lawns and gardens. 


The rates given are as follows: 


As a contrast with the situation at Bisbee, can be cited the ditéation ug 
that existed at Laramie, Wyoming, several years ago. At the time © a 
of the investigation, there was no direct charge whatever for water, | ae 
and the consumption was approximately 400 gallons per capita. 

The two extreme cases mentioned are good examples of reasons 
why mass data on water consumption, unless detail studies aremade, 


are not to be relied upon for definite assumptions. eee ia 
ir 


General data have been assembled as to the use of water and fac- 
tors bearing thereon, in some fifty cities, most of which are located in 
arid or semi-arid sections. These data are given in tables 3 and 4. 
One would assume that from this mass of data the existence of some 
fundamental relationships would be deducible. Of the four factors — 
which would influence the use of water, namely, rainfall, temperature, _ 
cost and extent of metering of services, the latter seems to be the 
most important. Consumption of water has been shown in table 3 — 
in gallons per tap, in order to remove the question of accuracy of © 
population figures, because in a number of cases it was known that =—s_— 
the systems served considerable area outside the city proper. The 
figures are not complete in all columns for some of the cities, due to a i 
lack of full data. Whileno definite relationship seems to be deducible _ 
from the figures obtained, except the rather positive effect of meter- == 
ing, it is quite evident that the use of water in arid and semi-arid =— 
cities calls for a careful analysis of uses, particularly irrigation, and = 
the distribution of its use over the city. Sing 
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The water superintendents in the cities listed in table 2 have been 
of much help in preparing this paper, and acknowledgment is made 
of their courteous assistance, and appreciation expressed therefor. 


DISCUSSION 


V. M. Exnvers:* Mr. Veatch has so ably covered the subject that 
the writer can only substantiate his statements by citing records in 
the office of the Texas State Department of Health, and data fur- 
nished by city officials and engineers who have been in position to 
collect valuable information. 

Peak consumption of water occurs during the summer months in a 
number of towns in Texas selected at random. For instance, at 
Comanche, a town of approximately 4,000 people, the daily con- 
sumption varied in 1929 from 38,000 in January to 293,000 gallons in 
July. Breckenridge with a population of 7,500 showed a daily 
- consumption of 270,000 in January and 315,000 gallons in August. 
Austin varied from 3 on a January day to 9 million gallons per day in 


a 2 August; Amarillo from 1.8 in January to 6 million in August. Sim- 


ilar variations are noted at Lubbock, Big Spring, and Sweetwater. 


All the above figures are for 1929. 


In making further comparisons it was noted that the consumption 


J j _ for the first months of 1930 shows a decided increase in all the towns 
quoted. For example, in January, 1929, the average daily consump- 


tion at Comanche was 87,000 and for the same month in 1930 it was 
162,000 gallons or almost double. There is undoubtedly some in- 


grease in the number of water connections in 1930, but there is pos- 


sibly some real increase in the amount of water consumed per capita. 

The-towns cited are situated in widely separated sections of the 
State, and have average rainfalls that vary greatly. Hence, it 
_ might be concluded that seasonal variation in temperatures is a 
- most important factor in increasing water consumption. None of 
these towns, except possibly E] Paso, devote any large amount of 
water to industries. The variations and increases may therefore, 
in general, be taken to indicate changes in domestic uses from season 
to season. 

Mr. Veatch has stated that metering supplies materially cuts down 
_ the amount of water used. We agree with him in this. In arriving 
at a just comparison of daily consumption rates, however, we would 


* Chief Sanitary Engineer, State Department of Health, Austin, Tex. 
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not use metered and unmetered supplies, for in the case of the latter 
there is undoubtedly much waste. The figures quoted above are all 
from metered supplies and the water rate remains the same the year _ 
round. This would seem to contradict the statement that metering es es 
tends to cut down consumption, but, as a matter of fact, the water 
rate in each of the towns cited is low enough that the consumer is Bee 
willing to pay an increase in his water bill during the summer to pre- Ke - ‘ 
serve the lawns, shade trees, gardens, etc., and to allow him to take ae 
more baths. It would be interesting to collect some data on amounts 
of water used in various classes of homes, as those with large lawns, 
those with medium sized yards, and those with no flowers or yards 
at all. But the conclusions are practically obvious. | 
RicHARD BENNETT“ Mr. Veatch has shown you in his excellent _ 
paper some of the unusual conditions with which the City of Tucson 


Water required for fixed lawn sprinklers 


AREA, SQUARE FEET SIZE OF SERVICE, INCHES aan pono 
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is confronted in its water supply. A new problem confronting water 
works men in regions similar to Tucson is that of fixed lawn sprink- 
ling systems. The maximum flow demand caused by the peer 
use of these systems is increasing to such an extent that in the 
future it is quite likely that mains will be designed on the sprinkling 
flow demand rather than on maximum fire flow. 

This Department has just been called on for two taps for the 
sprinkling system of a large hospital which will be 6- and 4-inch 
sizes respectively and will draw over 1,200 gallons per minute during 
maximum use. Another recent request was a 2-inch service to sup- 
ply water for 7,800 square feet of lawn area with a demand of 150 
gallons per minute. 

The use of fixed sprinkling systems is becoming universal with the 
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aed first class houses in this city. The demand for various size sprinkling 
areas is shown in table 5. 

we From table 5 it is seen that merely a few customers can rob a 6-inch 
main of all flow and pressure. This problem is further complicated 
ay: by the fact that very little sprinkling is done during the heat of day 
» 

due to the fact that the hot sun burns the grass after being wetted; 
therefore, this irrigation load must be supplied after 6 p.m. each 
evening. 

From the foregoing it is seen that the sprinkling flow demand, 
_ where extensively used, together with the fire flow demand, will 
probably render present adequately designed distribution systems 
inadequate i in the future. 
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ei EQUITABLE CHARGES FOR SPRINKLER FIRE oF 
By L. R. Howson? = 


| 


The question of charges for sprinkler fire protection service is one 
of the most controversial in the water works rate structure. Al- 
though the income from private fire protection in the average water 
works constitutes only 1 or 2 percent of the total income, quite fre- 
quently in rate hearings before regulatory bodies, there is as much 
evidence introduced relative to sprinkler rates as with respect to all 
other items of the schedule. It would seem that little controversy 
should arise over charges for a service which produces savings to the 
consumers having the service which are usually very much greater 
than the payments made to the water department which makes the 
service possible. 

Automatic sprinkler fire protection service is of direct value to 
those making the installation, is often of indirect value to adjoining 
properties and to a smaller extent, is also of value to the water 
utility and the community as a whole. 

The owner of the property who has installed an automatic sprink- 
ler fire protection system profits through a reduction in his insurance 
rates usually in amounts varying from 60 to 80 percent of the total 
premium. To secure this reduction in premium, he is required to 
expend for the installation of the automatic sprinkler system an 
amount usually varying between 1 and 4 percent of the building 
cost. The annual cost to the owner, including therein the fixed 
charges for interest, depreciation, ete. on the cost of installation, is 
from 0.1 to 0.5 percent of the building cost. This annual expendi- 
ture, as before stated, results in saving from two-thirds to three- 
fourths of the insurance bill. The cost of installing a sprinkler sys- 
tem is usually repaid in a very few years by reduced insurance 
premiums. 

Adjoining properties benefit from the installation made, due to the 
fact that the risk of conflagration spreading from the sprinklered 
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building is lessened and, therefore, the adjoining unprotected prop- 
erty is a better hazard and takes a lower rate. 

The water utility profits from automatic sprinkler installations 
to the extent by which the amount of water used in fighting fires is 
reduced. The records of the Underwriters for the past thirty years 
show that over 70 percent of all fires in buildings equipped with 
automatic sprinklers are put out with less than five sprinkler nozzles 
- going into operation (the equivalent of approximately 90 gallons per 
minute), and that over 90 percent of all fires in buildings equipped 
with automatic sprinklers are put out with less than 20 sprinklers in 
operation, about 350 gallons per minute, the equivalent of two moder- 

ate fire streams. This on its face would seem to be a very great 
reduction in the amount of water used for fire fighting, but when 
the statistics of cities which keep a record of the amount of water 
used for fire purposes are studied, it is found that in the average city, 
only about one-fifth of 1 percent of the total water pumped is used 
for the purpose of extinguishing fires. The sale value of the water 
so used in the normal town of 100,000 people having a water works 
income of $6.00 per capita, is only $1,200 a year. Any saving, there- 
_ fore, that may be effected by sprinklers in reducing the quantity of 
water used for fire protection is infinitesimal. 

There is further incidental benefit to the community in that in- 
dustrial fires which are checked at the source with a small spread 
and small damage, result in fewer interruptions to industrial opera- 
_ tions and greater stability of employment and thus benefit the com- 
- munity as a whole. 
There are as many varieties and methods of making charges for 
_ sprinkler fire protection service as there are plants supplying the 
: service. This lack of uniformity has given rise to much of the diffi- 
culty. It is believed that an equitable basis for determining a fair 
rate for fire protection service must be governed by the fundamental 
principles governing equitable rates in general, among which are: 


a. Every consumer of the utility service should pay his fair share of the 
total income. 

b. No service should be furnished to any consumer at less than cost, for 

this inevitably results in raising the costs of service to all other 

consumers. 

. No charge for service should be greater than the value of the service to 

the user. 

d. No charge for service should exceed cn cost of securing equal service 

from another source. 
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an 2. Those costs which accrue due to the water actually delivered, commonly | 
called ‘‘consumption charges.’’ 
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The various costs incidental to the operation of a water ano re 
may be classified under two headings: ‘4 


1. Those which are incurred due to the utility’s ability to meet demands 4 : 
as they arise, more commonly termed “readiness to serve,” and 


j "The readiness to serve charge must cover all costs such as interest mc pa 
and depreciation, reading of meters, etc. which depend for their __ 
amount upon the consumer’s ability to take even though for more or | 
less extended periods of time he may be taking no water. The con- _ 
sumption charge must fairly cover the cost of pumping, treating and _ 
delivering the water, including all charges which vary in proportion | 
or with respect to the use. 
Sprinkler fire protection service is essentially a ‘‘readiness “ie 
serve” water works function just as public fire protection is. In 
the ordinary city of 50,000 to 100,000 people, approximately 25 to a . 4 
percent of the total income should equitably be received from the — uf 
public for fire protection service. For this relatively large percentage _ 
of the gross income, the service requires in actual water used only 


from one-fourth to one-sixth of 1 per cent of the pumpage. It is ms ; 
evident, therefore, that no rate based upon a consumption basis has al 
any real bearing on the problem of fixing a fair charge for municipal = 
fire protection service. The same conclusion applies to — i. ae 
service. 
Automatic sprinkler fire protection service, although effective 
90 percent of the time in putting out fires with the use of less water — ‘a . 


than would probably be required from the public hydrants, neverthe- 

less requires the assistance of the public fire protection system about 
10 percent of the time, at which times the sprinkler load is in addition | 
to the demand for the public hydrants, plus the domestic use at the 
time. At such times, the demand of the sprinkler system clearly 
increases the maximum demand upon the water system for which the = 
mains, pumps, etc. must be designed. Unless there is some charge _ - § 
for this capacity, the fixed charges on it must be distributed through | eS 


the rate schedule to the other consumers, thus violating the second — ee 
fundamental principle of an equitable rate schedule as above stated. 

The demand nature of sprinkler fire protection service is apparent = 
when the manner of the operation of the sprinklers is considered. __ 


At time of fire in a sprinkler protected property, the nozzles open 
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without warning and the automatic fire protection system actually 
_ appropriates the necessary capacity in pumps, mains, etc. The 
= operation of automatic sprinkler fire protection is under private not 
public control, is a specialized extra service requiring expenditures 
by the water departnent in order to supply the service and, therefore, 
should be paid for by those requiring it. There should be some com- 
pensation included to cover inspection costs which experience has 
demonstrated is necessary to prevent surreptitious use of what 
should be purely a “readiness to serve” service. 

An equitable charge must lie somewhere intermediate between the 
cost of the service to the water department and its value to the con- 
sumer. The cost to the department is represented by a “readiness to 
serve” charge on the sprinkler connection in the same proportion to 
the total “readiness to serve” of the entire system as the ability of 
_ the sprinkler service to draw water is to the total ability of all services 
to draw water. Thus if a water system comprises the equivalent of 
10,000 #-inch services, and its total readiness to serve charge is 
$50,000 per year, a 4-inch sprinkler service should pay as a minimum 
approximately $50,000, or $140 per year. 
The maximum charge would be indicated by the saving in insur- 
ance premium less the fixed charges on the installation cost. Assum- 
ing a $10,000 sprinkler installation in a five-story building 100 feet by 
200 feet and served by a single 6-inch connection from the water 


insurance cost of $2,000 per year, the maximum that the consumer 
could afford to pay the water department would be approximately 
$1,000 per year. 

_ Possibly such a large charge would violate fundamental principle 
@ as the alternative to a connection with the municipal water 
supply system is the service from an entirely independent source such 
as a cistern or well with the necessary pumps, tanks, supervision and 
operation. 

The foregoing rather rambling discussion of sprinkler fire protec- 
ion service and charges for it may be summarized as follows: 


1. Automatic sprinkler fire protection service is a specialized service, the 
control of which is wholly outside of either the utility furnishing the 
service or the public fire protection system. 

2. The ability to furnish adequate sprinkler fire protection service involves 

costs to the water department. 
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3. Sprinkler service in common with all other utility services, rr at 
least pay the costs caused by it. : 
4. Private fire protection service is no more warranted at public expense 
than private watchmen or other similar services. ; 
5. Fire protection service, including automatic sprinkler protection, is 2 
almost entirely a “readiness to serve” function and the charges — 
should be computed as such. 
6. Charges for automatic sprinkler fire protection service should be based | 
on the size of the pipe connecting the sprinklers to the water system 
and not on the number of nozzles installed as is frequently done. 
7. While an equitable rate for automatic sprinkler fire protection service — 
hp is purely a matter of local determination and no specific charge is _ 
therefore possible for universal application, it is believed that a fair 
range of charges probably falls within the following: 


The above range will in general dail in payments for automatic _ 
sprinkler fire protection service which will remunerate the Water _ f 
Department for the expenditures involved in furnishing the service __ 
and at the same time, enable the protected property to have the pro- Al . 
tection desired at a cost much less than the saving in insurance ¢ 
premiums. ‘These figures being closer to cost to the water department —_— 
than to the value of the protection to the private property owner, should =o 


encourage the installation of better fire protection through automatic 
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A SOLUTION OF THE “DUAL FLOW” PROBLEM BY 
aly By Grant K. PALSGROVE? 


The problem of ‘‘dual flow,’ as commonly found in water works 
; - practice, constitutes one of three types of primary feeder systems, and 
_ provides the highly desirable condition of feed available from two 
directions in times of heavy draft. 

It is the purpose of this paper to show how problems of ‘dual 
flow” may be readily solved by the application of graphical analysis 
leading to a definite result without the usual cumbersome “trial and 
error’ method necessary with an analytical treatment. Incidentally, 
all graphical methods of analysis have the added advantage of visualiz- 
ing the relations of the several elements of the problem and in tending 
to the avoidance of errors. 

This type of problem as commonly found in practice involves the 
- consideration of what may be termed “‘long pipes,”’ i.e., pipe lines hav- 
ing a length equal to or greater than one thousand diameters. For such 
a line, the drop in pressure (or head) along the line may be charged to 
_ the overcoming of frictional resistance to flow in the pipe alone. The 
error thus involved in neglecting minor losses which may occur in 
- valves, bends, etc., and of disregarding the head utilized in producing 
velocity will, with such treatment, amount to but a fractional per- 
centage and hence for this type of work may be disregarded. If, 
_ however, the problem involves what may be termed a short pipe, it 
becomes necessary to consider all losses together with velocity head 
in order to deduce proper results. The graphical analysis, as will be 
_ shown later on, is even more readily applied to the short pipe problem 
than to the one involving long pipes and leads to a definite result 
which is particularly difficult to obtain with an analytical solution. 

Two typical problems will be analyzed in order to illustrate differ- 
ent methods of approach to the graphical solution. Both cases con- 
sidered will come under the classification known as “long pipes.”’ 


1 Presented before the New York Section meeting, April 22, 1931. 
2 Professor, Hydraulic Engineering, Rensselaer Polytechnic Institute, 
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1. The problem of three branching mains in a gravity feeder system 
(fig. 1) composed of a supply reservoir A, a distributing reservoir B, 
and a feeder main with a pressure of 55 pounds per square inch gage | 
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at point C. Points A, B, and C are connected at a common junction 
Y by means of pipe Rare 1, 2, and 3, respectively, which have been i in 
service about twenty years. 
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2. The problem of a proposed additional source of supply D to 
problem (1) in order to satisfy an increased demand (fig. 2). In this 
case pumping is required and it is proposed to maintain a pressure 
at the pump house of 125.5 pounds per square inch gage and connect 
pumps with the Y junction through a variable diameter pipe 4a 
and 4b. 


CASE I 


As all head loss is chargeable to friction of flow in the pipe lines, 
this problem will be analyzed by use of the more commonly known 


form of equation for friction loss —— 


Using this type of equation, the analytical analysis of the problem 
becomes difficult because of the fact that the “‘f” coefficient is depend- 
ent on the nature of the surface of the conduit, the diameter of the 
conduit, and the velocity of flow within the conduit. In the problem 
as outlined the quantity of flow per unit of time is unknown, hence 
the value of “‘f’’ is not fixed definitely, and its true value can only be 
established by a series of trial and error solutions until a result is 
obtained satisfying all conditions. In some types of problems it is 
true that a value of ‘‘f’’ may be assumed in the region of flow resulting 
in a solution of as high a degree of accuracy as is warranted by the 
type of problem handled; however, there is still the factor of indefi- 
niteness and comparisons of relative values are inaccurate. Another 
factor present in this type of problem is the fact that the direction 
of flow is not known for all branches in the system. Handled ana- 
lytically, this also presents some difficulty. 

For the graphical analysis (fig. 1), an imaginary piezometer tube is 
shown erected at the Y junction and water is assumed to rise to some 
level in the tube representing equilibrium of flow. As shown in 
figure 1 this level is at a point h; below the water surface in A, hz above 
the water surface in B, and h; above the equivalent water surface 
elevation at C. Each of these values then represent head available, 
between the Y junction and the point indicated, to produce flow. 
Conditions of flow for this particular case may then be represented 
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by the following equation 


indicating flow out of A and into B and C. ; 
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The next step is to build up a table (table 1), showing the different 
values of loss of head, h’, for corresponding values of flow and with 
correct values of f. A direct method of accomplishing this is as fol- 
lows: Assume different values of velocity, the number and value of 
assumed points dependent upon the possible range of the problem. 
For each value of velocity, the corresponding value of flow (quantity) 
may be determined and the value of f may be definitely found, from 
numerous tables available, for each pipe. The loss of head, or head 
available to produce flow in this case, is then found for each velocity 
of flow and particular pipe from equation (1). 


TABLE 1 


| 


9.62) 7.07) 3.14/0.0156)0 .026/0 .027/0.031| 260 
19.24|14.14) 260 
28 .86|21.21) 9.43/0.140 250 
33 |0.025)0 .026|0.029) 250 
38 . 48/28 .28|12.57|0.249 250 
43 |0.024/0.025)0.027| 240 


or 


or 


The values of Q and h are then plotted on graph paper in the follow- 
ing manner (see fig. 3): 

Zero of coérdinates of h; are taken to represent the highest water 
surface level in the system, as at w.s. in A (fig. 1). Also values of Q, 
as represented in Equation 2, are plotted positive to the right of zero 
of codrdinates and negative to the left. 

In figure 1, when h, is 0, Q; will be 0; and as A; increases in value 
Q: will increase giving curve of Q,, figure 3, plotted as follows: 

From the zero of coérdinates lay off h; vertically down and Q, 
horizontally to the right from 0. 

Next consider pipe 2. When hz is 0, Qe will be 0, and A, will equal 
H;. Hence for this condition a new zero of codérdinates has been 
established, O2, from which to lay off hz and Qe. The location of O2 
will be at a point below O; corresponding to a distance H2 By 
Equation 2, a plus Q2 represents flow into B and as this can only occur 
when the water surface in piezometer tube at Y is above the w.s. 
in B, the direction of an increase in hy for plus Q will be such as to 
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show a corresponding decrease in h;. Therefore hy is laid off verti- 
cally up and Q» horizontally to the right from O2, giving Q2 curve of 
figure 3. If flow should be out of B then h, would fall below w.s. in 
B and hz would be laid off vertically down and Q>» horizontally to the 
left from O, as shown by broken line in the figure. 

Considering pipe 3. When h; is 0, Qs; will be 0, and h, will 
equal H;. For this condition a new zero of codrdinates O3 is 
established on the same basis of reasoning as for Oz. From 0, 
values of h; and Q; are laid off similarly to rules set down for he and 
Q», giving Q; curve of figure 3 
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- Having thus established definite relations of all variations of hy, hs, 
and h; by shifting the zeros of codrdinates vertically, the next step is to 
satisfy Equation 2. In order to do this, add algebraically Q: and Q; 
(horizontally for a particular head) giving curve (Q2 + Qs) of figure 3. 
Where this intersects Q, curve, the relation Q; = Qe + Q; is satisfied 
and a definite value of all quantities and directions of flow is estab- 
lished together with the corresponding loss of head in each part of the 


system. From the latter the hydraulic gradient may be drawn and a 


study of pressure conditions in the pene parts of the system 
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The following results are obtained from figure 3 for Case I: hy = 
48.6’, he = 61.4’, hs = 80.9’, Qi = 34.0 c.f.s., Q = 20.3¢.f.s., Q; = 
13.7 ¢.f.s., and direction of flow is into B as assumed. 

It may be noted in passing that this method of analysis lends itself 


readily to the solution of flow problems in short pipes as all minor 
Vy? 

losses and velocity head may be expressed as K >, and simply added 

g 


to the h term of table 1 for corresponding velocities. 

CASE II 

‘In the analysis of this problem, the Hazen-Williams formula 
V = C 72-83 30-54 —0-04 (3) 


will be used as it has come into such general use in water works 
practice and its solution is greatly facilitated by employing the 


TABLE 2 


~ 


Q haa hap ha hy hy he h 
7.74 0.092} 3.15)0.196) 10.78} 1.41) 28.2 
9.28} 0.168) 5.71) 0.023) 0.23 | 5.94) 0.129) 4.51/0.274) 15.10) 1.97) 39.4 
12.38 | 0.288} 9.80) 0.040} 0.40 | 10.20) 0.220) 7.70/0.467) 25.70) 3.38) 67.6 
15.47 | 0.434] 14.75) 0.060) 0.60 | 15.35) 0.332) 11.62/0.710) 39.10) 5.10)102.0 
21.66 | 0.810) 27.55) 0.113) 1.13 | 28.68) 0.620) 21.70)1.32 | 72.55) 9.50)190.0 
24.76 | 1.03 | 35.00) 0.144) 1.44 | 36.44) 0.800) 28.00)1.68 | 92.45)/12.2 (244.0 
30.94 | 1.57 | 53.40} 0.218) 2.18 | 55.58] 1.21 | 42.40/2.55 |140.4 
40.23 | 2.55 | 86.60) 0.354) 3.54 | 90.14) 1.96 | 68.60/4.14 (228.0 


h3 


Note: h’ values are per 1,000 feet length of pipe. J Be | 


b 


Williams and Hazen “‘Hydraulic Tables’’ or their special slide rule. 
The problem as indicated in figure 2 introduces two additional 
features over that of Case I, i.e., the four branch system and a com- 
pound (Series) pipe line. This latter feature adds difficulty in the 
application of method used for solution of Case I, as Qi equals Qu, 
with velocities in the two pipes differing. 

Analysis of Case II, while similar to the preceding Case I, will be 
based on assumed quantities and corresponding head losses found for 
the several pipe lines making up the system. 

The Williams and Hazen Hydraulic Tables are used and a value of 
C for pipes 1, 2, and 3 taken as 100 while the value of C for pipes 4a 
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and 4b will be taken as 130 since this part of the system will be new 
and in good condition. 
_ The determination of factors found in table 2 are self explanatory, 

The next step in the solution of this problem is the assumption of 

the direction of flow. As indicated in figure 2, flow is from D and 4 
toward Y and into B and C from Y. This condition is represented 


Qs + Qi = Q2+ Q; Sdn ite (4) 
+Q 
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Figure 4 
Graph for Case IL 
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As in Case I, take the zero of coérdinates of hy as the highest water 
surface level, or equivalent water surface level, in the system and lay 
off hs, hi, he, hs as before establishing new zeros O,, O2, O3 below Oy. 
Also Q:, Q:, Q2, Qs; by equation (4) are laid off plus horizontally to the 
right (fig. 4). 

For any particular head, Q; and Q, curves are added horizontally 
giving the (Q, + Q:) curve. Likewise the Q, and Q; curves are added 
horizontally giving the (Q2 + Q;) curve. The intersection of the 

(Qs + @1) curve and the (Q2 + Q;) curve will then satisfy the relation 
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2 


expressed by equation (4) and all quantities of flow and loss of head in 
the several parts of the system have been established. 

The following results are obtained from figure 4 for Case II: 
hy = 34.8’, hi = 14.8’, he = 95.2’, hs = 114.7’, = 24.1 ef.s., Qi = 
17.6 c.f.s., Qe = 25.2 cf.s., Qs; = 16.5 ¢.f.s., and direction of flow is 
from D and A towards Y and into B and C from Y, as indicated by 
assumed equation (4). 

If, however, upon the algebraic addition of Q, and Q, the intersection 
of the (Q; + Q:) curve and the (Q2 + Q;) curve falls above Oy, it 
would indicate that Q: was negative and hence flow would be into 
A, B, and C and out of D; or Q; = Qi + Q2 + Q,. 

It is to be noted, of course, that there are many variations to this 
type of problem and that time permits of the solution of only two 
typical cases as illustrated. The method of attack, however, with 
possible variations, may be used for any multi-branch, or dual flow, 
system of feeders and their varying conditions. 


new | 
ory, 
dA 
ited 
a 
4 
(4) 
ag 
| 
J “a 
=~* 
ter 
lay 
the 
the io | 


‘ TWO FAILURES OF WELDS ON SMALL PATCHES IN 
LARGE STEEL PIPE! 


B W B 2 bai 
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The first steel pipe used as part of the delivery system for the water 
supply of the City of New York was laid as a by-pass around the 
Ridgewood reservoir, Brooklyn, in 1898. This 60-inch pipe of ;;-inch 
rivetted plate is under only a few feet of head and has required no re- 
pairs during its thirty-four years of service. Other steel lines from 48- 
to 72-inch diameters with rivetted or lock bar longitudinal joints were 
subsequently installed with satisfactory results as to service, but it 
was not until about 1925 that the general use of 4-inch plate steel 
pipe was adopted for delivery (trunk) distribution mains of 30- to 
48-inch diameters. At about the same time the development of the 
electric weld had progressed to the point where it was presented asa 
competitive process to the rivetted and lock bar types, for longi- 
tudinal joints for fabricating large steel pipe. At first, hand welding 
was advocated and used with a progress rate of twenty-four minutes 
required to finish a lineal foot of 3-inch plate joint. Now machine 
welding is general practice with a time rate of four minutes per lineal 
foot of 4-inch plate joint. The time given to complete a foot of 
welded joint is that required to secure the ductility and strength speci- 
fied for the New York pipe. The story of the development of speci- 
fications for the electrically welded joint, including tests specified 
and recent failure of two welded test coupon patches, will be briefly 
given. 


DEVELOPMENT OF SPECIFICATIONS FOR WELDED LONGITUDINAL JOINTS 


The Petroleum Iron Works in 1926 urged the New York water 
department to include in its steel pipe specifications welded joints 
made by either the gas or electric process and finally agreed that the 
finished joint should show not less than 90 per cent of the tensile 
strength of the plate and that the plate with the weld in the center 


1Presented before the St. Louis Convention, June 3, 1930. 
2Chief Engineer of Water Supply, Department of Water Supply, Gas 


and Electricity, New York, N. Y. 
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could be bent cold in either direction around a 13-inch pin without 
showing more than an incipient fracture. The department insisted 
on both the tensile and bending tests, especially the latter, as it was 
then and is also now believed that these tests insure a ductile strong — e 
welded joint. The coupon for both tensile and bending tests is ob- 
tained by the water department inspector who is stationed at the shop 
selecting the section of joint which looks least satisfactory and having 
a section about 6- by 14-inch cut out with the joint in the center, the 


Fic. 1. THREE-Test Coupons or }-1NcH STEEL PLate BENT CoLp THROUGH 
180 DEGREES AROUND A 2}-INCH PIN 


cut being made with a torch. On the average about one section is E 
cut out of each 15 lengths of pipe and each pipe is about 30 feet in 
length. In 1925 to 1926 the Petroleum Iron Works fabricated about 
13,000 feet of 60-inch pipe with hand made electric welded joints © an 
which met the specifications and this line has given no trouble since 
it was laid. The shop experienced considerable difficulty at first in 
securing the ductility of joint called for. 

As a result of experience in fabricating this pipe line the speci- = 
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break occurring outside of the weld and plate immediately adjacent 
thereto and no sign of fracture of plate or weld when bent cold through 
180 degrees around a 2}-inch pin (fig. 1). These specifications are 
met by present machine welding, if the welding takes place in an 
atmosphere from which the air has been largely excluded and if the 
machine is held down to a relatively slow speed. No difficulty has 
been experienced with any of the electrically welded longitudinal 
joints which have been made for different steel pipe contracts for Sere 
diameters from 30- to 60-inch by the Petroleum Iron Works, the jeere a 
Biggs Boiler Works and the American Locomotive Works and other 
concerns are entering the field, thus insuring active competition. wa 


On December 14 and on December 16, 1929, failure of coupon ~ 
patches occurred by a sudden rupture along the long side of the Ww: 
patch, the crack extending into the parent metal for several inches at — 
each end of the patch as shown by figure 2. The firstfailurewasina 
60-inch pipe laid in about September, 1928, and which had been in 
use for about five months under a pressure of about 60 pounds per 
square inch. The difference in temperature between the time of __ 
laying and the failure would probably cause about 9,000 pounds per . 
square inch of tensile stress in the pipe plate. The patch wasmade ~~ 
by inserting a piece of plate flush with the pipe plate and welding __ 
around the four sides. It was repaired by cutting out the weld and =~ 
cutting into the crack and electric welding along the line of the crack. © 

The second failure was in a 60-inch pipe that was being laid and 
due to the accidental flooding of the trench the pipe was floated to 
a maximum height of about 3 feet. Immediately after the pipe had 
been brought back to grade and when no work was being done on the 
pipe in the vicinity of the patch there was a sharp report and it was | 
found the side of the patch had split and the crack extended a few 
inches into the adjacent plate. This patch was placed on the outside 
of the pipe and welded on the four outside edges.. Repair was effected _ 


by cutting out the weld and the crack in the plate and re-welding. 
Be al 
108 be CAUSE OF FAILURE OF COUPON WELDS ive 


FAILURE OF TWO COUPON PATCHES 


There seems to be no question but that the metal in the welds that a re Ais 
failed was under high tensile stress as a result of the cooling of the = 
deposited welded metal between two sections of plate that were not : 


free to move. 
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In the first case the tensile stress set up by the cold water in the pipe 
plus the initial or cooling stress was in excess of the strength of the 
weld, which without cooling stress would probably be over 50,000 
pounds per square inch. When the fracture occurred the rapidity 
with which the crack travelled along the 14-inch weld caused an 
intensity of stress due to shock at the end of the weld that was 
greater than the strength of the parent plate and the crack extended 
into the plate until the elasticity of the metal reduced the stress below 


Fig. 3. RIverep. Pate HC OVE RING OPENING MADE IN REMOVING 1 ‘pst Coupon 


the plate strength of about 50,000 pounds per square inch. As the 


crack did not open up more than a small fraction of an inch the 
amount of water escaping was about equal to the discharge of a 2- 
inch pipe and did not cause any material damage. 

In the second case the movement of the pipe when it floated and 
when it was later allowed to settle back into place caused some 
unknown stress in the plate, which together with the cooling stress 
was greater than the tensile strength and the weld id suddenly ruptured 
extending the crack into the adjoining pipe plate. hel fy 3 
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COUPON PATCHES CHANGED TO THE RIVETTED FORM 


As there appeared to be no practical way of surely avoiding the 
high cooling stress that would be set up in any welded patch, it was 
decided hereafter to place the coupon patches on the inside of the 
pipe and rivet them to the pipe, thus avoiding setting up initial 
stresses in either the patch or the adjacent pipe plate and this method 
is now being successfully followed in a 60-inch steel pipe which is being 

installed (fig.3), te off? at 

The writer sees no reason to doubt the effectiveness of the welded 
longitudinal joint which he believes has been well established, pro- 
vided the joint is made carefully and subjected to tensile and bending 
tests of coupons cut from the finished joint and also provided that the 
finished pipe is subjected to heavy sledging along the joints while 
under a hydrostatic test. He believes, however, that one should not 
rely on a weld made when the metal must cool between fixed points 
the deposited metalisannealed. 
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_ water supplies or for use in wastes, vents or other pipe lines in build- 


__- Under the circumstances it is very obvious why black ferrous piping 


COPPER AND BRASS PIPES AND TUBES! | 


By Wo. G. SCHNEIDER? 


It is the purpose of this paper to present information relating to 
the use of copper and brass as pipes or tubing for conveying domestic 


ings or around water works. 


CORROSION 


Rather than enter into an involved technical discussion of this 
subject it is better to mention briefly a few of the essentials that users 
of piping should consider when ordering for their requirements. 

Bulletin No. 108, Office of the Chief Codrdinator of the U. 8. Gov- 
ernment, states: “All ferrous pipes under certain service conditions 
rust sooner or later.”” This rusting or eating away of the body of the 
material either builds up in the pipe and soon completely or partially 
— clogs it or the rusting action continues until the pipe is eaten through 
_and leaks. The theory of why this is so has been explained time and 
- again and may be found in many textbooks relating to corrosion. 


_ is not used and also why galvanized ferrous piping is specified. This 
_means from the standpoint of corrosion that the pipe is just as good 
as the galvanizing or zinc coating and no better. However, the zine 
— coating itself is seriously affected by most waters; the exception being 
where water supplies deposit and form lime coatings on the pipe. 

As soon as the zine coating is pierced in one spot so that the cor- 
_ rosive water can come in contact with the underlying ferrous material 
and also with the zine, electrolytic action takes place at a very rapid 
rate and the zine coating is soon completely eaten away. The zine 
does, however, protect the ferrous material for some time; until it is 
eaten away. Therefore, when using galvanized piping it is necessary 
to determine how long the galvanizing will last, because on this 

depends the life of the piping. 


? Presented before the Canadian Section meeting, March 12, 1931. 
2 ae and Brass Research Association, New York, N. Y. 
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Because of the rusting and rust clogging of ferrous piping these 
materials are not able to continue to deliver the quantity of water 
that they do when new. An outstanding piece of research on this 
subject was recently completed at Harvard University by Fair, 
Whipple and Hsiao.’ One set of results compares the quantity of 
water discharged, starting with new pipes and continuing during the 
test with the quantity that should be discharged provided no rusting 


Copper: 
Brass: 
Galvanized steel: 
Galvanized genuine wrought iron: 
0.99 0.95 0.91 
Black steel: 
- Black genuine wrought iron: 


or clogging had resulted. This is expressed by a relation of - 
- meaning the efficiency of the effective diameter to the original 


Briefly summarizing the figures, we note the values of . as 


table 1. 
In other words the copper and brass materials show no change in 
carrying capacity. The galvanized materials show very little change 
8 Foun N. E. W. W. A., 44: 4, December, 1930. 
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Ww hen the tests on these pipes were stopped, the reason for stopping 
being that the galvanizing was gone and from this point on the gal- 
vanized pipes would show the same results as the steel and genuine 
wrought iron pipes that were not galvanized. The black steel and 
genuine wrought iron pipes showed a tremendous falling off in carry- 
ing capacity. 

In these tests friction or roughness of the pipes was also measured 
and is expressed by the value of n. For a smooth pipe, n has a 
value of 1.70 to 1.75; for rough pipe, n approaches 2.00, but never 
exceeds it. 


Equivalent sizes of various services 


SIZE OF BRASS PIPE | EQUIVALENT SIZE OF IRON PIPE 


In hot water lines 


inches 


4 


3 

In cold water lines 

2 24 


These tests were made with water continually in motion. In actual 
service the water in the pipe is at rest for considerable periods of time. 
Where it is at rest the corrosive effects are much more severe. 

Changes in the copper and brass pipes used in this test “were so 
slight as to be of little practical importance. The change in n with 
service can, therefore, be ignored in practice and an average value 
used,” ‘“‘The average of the values observed during this investiga- 
tion was 1.754 and the authors (Fair, Whipple and Hsiao) believe 
that this average can be employed with safety in the calculation of 
frictional losses.”’ A value of 1.880 is indicated for the galvanized 
ain where 2.000 as a value of n should be used for the black steel 


TABLE 3 
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and genuine wrought iron pipes. It should be remembered, however, 
that ‘The superiority of galvanized-iron pipes (also galvanized-steel 
pipes) disappears when the protective coating (of zinc—the galvaniz- 
ing) is destroyed.” ‘An examination of the physical appearance of 
the galvanized pipes tested in this study indicates that the coating 
had deteriorated with service.” 

Because copper and brass, as pipe or tubing, does not rust or 
become rust clogged, but on the contrary maintains its full and 
original effective area, it is possible to use a smaller size than would be 
required where corrodible piping is to be installed. Corresponding 
sizes are given in table 2. As an example, suppose after all calcula- 
tions a 1}-inch standard size pipe is required to supply the necessary 
quantity of hot water, this size, when made of copper or brass, should 
be installed. If, however, you wish to install galvanized pipe, you 
should use a 23-inch standard size pipe of this material in order to 
allow for rusting and rust clogging. If you install a 13-inch galva- 
nized pipe you will soon find that it is unable to deliver the requisite 
quantity of water. 

The summaries and statements taken from the Fair, Whipple and 
Hsiao paper do not by any means do justice to this very excellent 
piece of research. To those interested in this subject a complete 
copy of the paper should be of great value. The Copper and Brass 
Research Association has a limited number of copies of this paper 
and will be glad to send one to you on request. 

So much for the experiments on the effects of corrosion. On the 
more practical side attention is invited to a comprehensive survey 
undertaken years ago on pipe installations in apartment houses in the 
city of Pittsburgh. This city has water that is very severe on piping. 
This survey covered 128 apartment houses located in Pittsburgh. 
It shows that at the end of four years trouble started on installations 
with steel pipe and that at the end of eleven years every installation 
(28 in number) of steel pipe had failed. In the case of 66 installations 
of genuine wrought iron pipe, failures started at about the eighth 
year and at the end of eighteen years the 66 genuine wrought iron 
pipe installations had failed except one. With brass pipe, the bul- 
letin states that at the end of the eighteen years no single failure of 
the 34 brass pipe installations had been recorded. The results of 
this survey are equally valid for copper pipe or tubing, where it is 
used in place of brass. 
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ie ECONOMY OF USING COPPER OR BRASS PIPE OR TUBING 


The total cost of any installation is made up of material, labor and 
fixed charges. This total is the initial cost, but by no means always 
the ultimate total cost. It may be necessary to make replacements 
within a relatively short time and then the job has to be done all 
over again at usually a much higher cost, with the inconvenience 
and losses incident to such shut downs. 

The published price of various kinds of piping materials is about 
as follows: 


Inasmuch as corrodible pipe materials soon become badly coated 
with rust and rust clogged, it is necessary to use a larger size of pipe. 
Equating the prices accordingly, we have 


Bearing these prices in mind as compared to the total cost of a 
certain job, it will be realized at once that the cost of the pipe is 
only a small part of the cost of the entire installation. It should also 
be noted that, while copper and brass pipe and tubing cost more than 
the corrodible materials and, with the exception of copper tubing, 
more than lead, this difference in an installation would affect the 
total cost by a relatively small percentage. However, if a proper 
installation of copper and brass is made the necessity for replace- 
ment is eliminated and the slightly higher cost for these materials is 


for complete replacement. 


1 inch galvanized genuine wrought iron....................... 0.144 

lead (LA—4 pounds per 0.32 


toy oro bitse cents per foot 
be 1 inch galvanized genuine wrought iron...................... 0.193 
ay 1 inch lead (1A—4 pounds per 0.33 


more than offset many times by the elimination of expenses necessary 
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COPPER AND HEALTH 


The effect of copper on health is a subject of such tremendous 
importance to all users of copper and brass that the conclusions in 
an article read before the last convention of The New England Water 


Works Association‘ are given below: 

1. The copper content of domestic drinking water after passing through 
copper or brass pipe or tubing, even if a slight amount of copper is taken into 
solution, is not harmful to health. It may indeed be beneficial. 

2. All water supplies intended for domestic use after passing through a 
proper installation of copper or brass pipe or tubing will contain but a small 
percentage of the permissible copper content, if any at all. 

3. The permissible copper content of domestic water based on a con- 
sumption of one gallon of water a day should apparently not be greater 
than 20 p.p.m. 

4. It is unlikely that health will be injured by copper because, where the 
copper content is above 5 p.p.m., the taste of the water will generally be so 
disagreeable that it will be virtually impossible to drink it. 

5. No anxiety need be felt about a proper installation of copper or brass 
pipe or tubing, because it has been shown that with acid water having a pH 
value of about 6.5, the copper content is generally only about 0.5 p.p.m., even 

after standing in the pipe lines for an appreciable length of time. 
6. The treatment of reservoirs with copper sulphate to rid them of undesir- i 
one microscopic growths has no injurious effect on health. ? 


Additional references relating to this subject follow: 


_ Firitexne: Deutsche Med. Wochen Schrift, 1895, Vol. 21, p. 297; 1896, Vol. 22, 
p. 145. 
-Tscurrcu: Das Kupfer vom Standpunkte der gerichtlichen Chemie, Stuttgart 
(1893). 
_ Branpe.: Rev. sc. med. L. 486, Dictionaire de physiologie. 4 on 
Huser: J. Pharmacol. and Exper. Therap., 1918, Vol. 4, p. 606. 
- Gaurpre: Ann. d’Hyg., 2nd ser., 50, No. 108, 426-433, Nov., 1878; Jour. de 
Pharm. et de Chim., 5th ser., 7, June, 1883. 
Kraemer: Am. Journal Pharmacy, June, 1905. 
_ Turesu, Jonn C.: The Lancet, March 28, 1925. 
_ Matiory: Jour. N. E. W. W. A., March, 1927; The Lancet, March 28, 1925; 
a Journal of Medical Research, 1921, Vol. 42, p. 461. 
: FLINN AND von Gann: Journal of Biological Chemistry, Oct., 1929; Journal 
Be of Experimental Medicine, Jan., 1929; Amer. Journal of Physiology, 
June, 1928; Boston Medical and Surgical Journal, Jan. 12, 1928. 
ovrYE: Journal of Biological Chemistry, Oct., 1929; Journal of Amer. Medi- 
cal Assoc., March 31, 1928. 
J.8.: industrial and Engineering Chemistry, Fe. 1927. 


* Jour. N. E. W. W. A., 44: 4, December, 1930. 
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_E. B. (also Drs. SteEENBOCK AND ELVEHJEM AND WADDELL): Science 
Supplement, April, 1928. 

Poison: British Journal of Experimental Pathology, 10, No. 4, London. 

_ PaRKER AND Nye: Journal of Medical Research, 1921, Vol. 42, p. 461. 
Cam H. W.: Jour. N. E. W. W. A., March, 1927. oad fart olticeagey 


A recognized formula (known as Barlow’s formula) that may be 
used with safety for obtaining approximately correct bursting pres; 
- sures of pipes and tubes is shown graphically in figure 1. i Ps 


$45,000 
5S Formula used 
Psbursting pressure psi 
2 40,000 S+tensile strength psi + 40,000 psi brass semi-annealed pipe 
'\ Tsthickness of wall in Inches or decimal of an inch 
p+ diam. in this chart: 4 (Sutside + Inside diam) 
Soft Copper Pipe (T.S. 30, 000 psi) pressure 
j of values given for brass 
Hard Copper Pipe or Tube 40000 psi 
$0,000 
25,000 LN | | i BURSTING PRESSURES OF COPPER AND 


Brass PIPES AND TUBES 


| 
| Pipe Sizes 
20,000 T | T i | 
| | '\ Double extra heavy 
15,000 


hhh 4 OA 5 8 10 
Nominal Size - Inches 


The formula may be used for practical conditions where the atmos- 
phere is the external pressure or where the external pressure is moder- 
ately greater. In this case the difference between the inside and out- 

side pressure represents the bursting pressure being exerted. 

It is assumed that gauge pressures are referred to and also that the 


length of the tube is relatively greater iter than the dis amete r. 


Brass Pipe Bursting Pressure , psi, Lb. per Sq. In. 


982 
| 
“4 
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Barlow’s formula makes use of the outside diameter of the tube or ee ee 
one half of this for the radius. Results obtained by using such  —_- 
figures, it is felt, err too much on the side of safety, and, therefore, __ | 
the chart has Mile calculated using as the radius one-half of the out- 3 
side plus inside diameter divided by two or, in other words, the aver- 
age diameter. A comparison between results obtained by using the : 
Barlow’s formula and the one used for obtaining the curves gives a 
the following values for the bursting pressures: 


>); 


inches 
6 3,020 3,120 


In other words, the difference on the larger sizes is negligible and, as _ 
a matter of fact, also on the smaller sizes, when the safety factor 

applied is high, as it naturally would be due to actual high oe ll . 
The safety factor will naturally vary with each installation and may ~ tne 


be from as low as 2 to as high as 10 oreven more. _ tas 


i 
SPECIFICATIONS FOR COPPER AND BRASS PIPES AND TUBES 


Ber Specifications relating to these materials have been issued and 
may be obtained from the American Society for Testing Materials, 


1315 Spruce Street, Philadelphia, Pa. 
General data 


L 

Brass and copper pipe: 

Pressure. Pipe up to 4-inch is tested with a water pressure of _ 
least 1,000 pounds per square inch. Pipe from 4- to 10-inch inclusive _ on $ 

with a pressure of at least 500 pounds per square inch. ace 
“Tae Lengths. Pipe, is furnished in exact 12- or 16-foot lengths or mill — 
re Heras lengths. Exact lengths will not be more than } inch longer or } inch © 
shorter than specified. 
‘Temper. All brass pipe will be furnished semi-annealed. 
_ pipe is furnished hard drawn. If either grade is wanted for ene 
this should be stipulated in the order. add 
Seale. All pipe will be scale free. 
This tube is for use with compression fittings. Such fittings are 
machined and compress the flared end of the tube. Also cuitebla for 
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of about 2 percent. 
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special fittings where tube is fastened by soldering, brazing, weld- 
ing, etc. 

Lengths. Straight lengths of copper tube obtainable up to 35 feet 
and in coils up to 60 feet in length. 

Pressure. All sizes of copper tube listed have a bursting pressure in 
excess of 2,000 pounds per square inch. 

Temper. All copper tube listed for use with compression fittings will 


wont 

Cold drawn copper tubing or pipe develops a tensile strength of 
about 40,000 pounds per square inch, with an elongation of about 10 
percent in 4 inches. 

Soft annealed copper tubing or pipe develops a tensile strength of 
about 30,000 pounds per square inch, with an elongation of about 
25 percent in 4 inches. 

Copper water tubing in comparison with the same lengths of stand- 
ard size pipe delivers the respective quantities of water shown below: 


at 


SIZE 
LENGTH TUBING FLOW 
Standard pipe 
inches feet 
} 20 0.7 to 1 per cent less than standard 
pipe 
i 20 2.2 per cent more than standard pipe 
1 10-100 5 to 15 per cent more than standard 
pipe 


RESISTANCE TO BURSTING DUE TO FREEZING 


The following materials were tested by allowing water to freeze 
in them in order to determine their relative resistance to bursting due 

Te 
.adliguel 

The water-filled copper service tube after 12 hours at a temperature 
below zero showed an increase in diameter of about 12 percent. 
After thawing the pipe and again filling with water and holding at 
below zero for 3 hours a further increase in diameter was noted of 
about 5 percent. A third test showed a further increase in diameter 


Copper water tubing 
Double extra lead pipe 
Standard galvanized pipe 


dowi dont. 
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The double extra lead pipe increased slightly in diameter after the 
first freezing but became very flaky showing a serious disintegration. 
Standard galvanized iron pipe burst during the first freezing. 
After three successive freezings the copper pipe still withstood 
freezing strains that caused the other materials to fail on the first 
freezing. 
In a comparative test of bursting pressures sections of copper ie 
service pipe, standard iron pipe and lead pipe were filled with water. __ 


One end of the pipe was closed with a plug and a plunger inserted in a ; a va 
the other. Pressure on the plunger was exerted by a regular testing pe i Pies 


machine until the specimens burst with the following results: ee 


Bursting pressures 


Copper service f daw ba 
Standard iron pipe 
tra st 
unds per pounds per 
Lead pipe: teat o Tar inch 8q. inch 
1-inch 1,100 1,200 


No leaks at joints were noticed with copper tubing and compres- 
sion fittings. 


REFERENCES 


For those interested in the installation, bending, inspection, etc. of copper 
and brass pipes or tubes the following books or pamphlets are suggested, i.e.: 


Practical Brass Pipe Plumbing. Obtainable free of charge from the Copper 
and Brass Research Association, New York. 

Some Approved Methods of Testing Plumbing Installations. Obtainable 
free of charge from the Copper and Brass Research Association, 
New York. 

Pipe and Tube Bending and Joining, by Marks. Published by Isaac Pitman 
and Sons, 2 W. 45th St., New York. Price, $1.75. 
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Copper and Health. Obtainable from the Copper and Brass Research Asggo- tl 
ciation, New York, without charge. 


Water Services That Serve. Obtainable from the Copper and Brass Research ” 
Association, New York, without charge. r 

Copper and Brass Water Services, reprint from Vol. XLIII, No. 2, of the le 
Journal of the New England Water Works Association. Apply to the 
Copper and Brass Research Association, New York. 

Copper and Health, reprint from Vol. XLIV, No. 4, of the Journal of the 


New England Waters Works Association. Apply to Copper and Bragg 

Research Association, New York. i 
Hydraulic Service Characteristics of Small Metallic Pipes, reprint from 
Vol. XLIV, No. 4, of the Journal of the New England Water Works 
’ Association. Apply Copper and Brass Research Association, New 
York. 
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Mr. BUCHANAN (London): We, in common with other Ww oe works 


commissions, are interested chiefly in the use of copper pipe for 
services. Previous to the use of copper pipe, we had been using lead 
pipe for a period of sixty years, and we found it eminently satisfactory 
in every way. About ten years ago when the price of copper pipe 
came down it came into competition with lead, chiefly on account 
of the price. 

I have been rather disappointed in the papers that I have heard 
in relation to the comparison of copper and lead. I am still of the 
opinion that there is no advantage in using copper instead of lead, 
other than that of price. I have not as yet seen any comparison as 
to the carrying capacity or friction loss in copper as compared with 
lead, and that is the only advantage that may be in favor of cop- 
per pipe. 

I would like to have Mr. Schneider’s opinion in regard to that. 


as Mr. ScunerpER: The published price of 1-inch lead pipe, 4 pounds 
eee _ per foot, is 32 cents per foot, and the 1-inch copper water tubing is 
-_-worth 25 cents a foot. This does not by any means make up the 
: a total cost. The copper tubing may be installed more easily and 
cheaply than the lead pipe, and, therefore, a considerable saving is 
s effected. As to the carrying capacity, there is no reason why the 
lead should not convey just as much water as the copper pipe, because 
after all the carrying capacity of two pipes, other things being equal, 
depends on frictional resistance. With copper and brass the tend- 


ency is for less lime deposit to form than with other materi: als becatay 
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readily carry the lime along. As to friction, I should think with 
Jead, although I do not know it to be a fact, that it is slightly greater. 


Mr. BucuHaNaN: The price seems to depend altogether on market _ 
conditions. I am not sure of my data, but I think about 1920, ora | 
little later, copper prices fell rapidly on the market, and lead did not _ 
fall so quickly, with the result that from that date until 1927 or ae 
1928 copper pipe for services, including the total cost of installing, ie 
was considerably cheaper than lead. For two years following that, __ 
copper apparently recovered on the market, and we went back to — Neer: 
lead. Then, within the last year those of you who have copper stock oe 
know what has happened to copper, and we are now using cop- : ee ps 
per again. 

I have been anxious about it because I have some copper stocks 
myself and I want to encourage the business. Copper is cheaper 
than lead, but outside of that I do not think there is any particular 
inducement to use copper in place of lead. I think Mr. Hodkinson ae Oe 


would rather install copper pipe than lead because it is easier ae af 


Mr. Hopxrnson (London): Copper is lighter to handle, and it is 
easier to make a joint than on a lead pipe, but I think it all depends hes 
on the market price of the material as to whether we would use copper 
or lead. If the price of copper goes up, it will make us consider eee 
whether we will use copper or lead. Copper does not take up as pe 
much room for storage as lead, and it is easier to haul, and easier to _ gus 

Mr. Sanperson (Toronto): If my memory is correct there are two 
specifications for copper piping and copper tubes in A. 8. T. M. | 
standards. In one the copper content is specified as 99.9 percent 
and the other specification is slightly under that, and I have been _ 
wondering why there are these two specifications. Is it a question — 

of price or manufacture? 


Mr. Scunerper: The standard has been brought up from 99.880 
to 99.900. That is an increase of 200ths of 1 percent in copper con- _ 
tent, which is really a negligible factor. 2 heen fees words, there ‘is 
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really no reason for making that change as far as I can see, except 
that it will make a specification for copper pipe a little more rigid, and 
99.9 is an easier figure to remember. 

There is really no quality of the 

Mr. Sanperson: In the recent issue for 1930 “ahnie are tn 
specifications. 


joo 
Sanperson: Why arethey there? | 
Mr. ScHNEIDER: I do not see any reason why they should be there. 
I am a member of the committee and when they revised these 
specifications they decided to bring the copper content up to 99.9. 
Probably the reason is that the lower specification, which called for 
99.880 copper, has not been revised since 1924 whereas the specifica- 
tion 99.9 was last revised in 1930. If the specification read 99.7 you 
would have a chance for more impurities and more oxygen. In the 
case of 99.9, however, you are getting purer and better copper than 
ever and your tubing specifications should call for this copper content. 


Mr. Hopkinson: Is there any difference in annealing of the cop- 
per. When you are softening copper you heat it to what we call 
cherry red. 


Mr. Scuneiper: Yess sbeol tot 

Mr. Hopkinson: And then you dipit? a 


Mr. Scunewer: Yes. The copper tubing usually furnished by 
mills has a tensile strength of about 40,000 pounds per square inch. 
If you wish tubing for bending you should so specify when ordering. 
You will then obtain a softer tubing which will have a tensile strength 
of from 32,000 to 34,000 pounds per square inch. 


Mr. Kerra (Windsor): You state that the copper and brass tubing 
contains an efficiency of 1.00 when carrying water at a temperature 
of 140°F. How would these pipes compare if they were carrying 
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steam? I have found that there is a channeling, or chiseling, when 
prass pipe is carrying steam. 


Mr. ScHNEIDER: The corrosion mentioned should not occur in 
brass pipe. Probably you should use a higher mixture of copper 
than the one you are using. We are working on the use of copper 
tubing for steam return lines. Incidentally, steamships are large 
users of copper pipe for their steam lines. 


Mr. BucHaNaN: The question is, what is the electrolytic action 
that takes place when copper pipe is joined to pipes made of some 
other material, such as galvanized iron, if any? 


Mr. ScHNEIDER: That depends on the condition of the water. If 
the water is acid or close to neutral, and most waters are of this 
character, it will be corrosive. If you put copper and iron together 
in contact under conditions where the water acts as an electrolyte, 
electrolytic action will naturally take place at the point of contact 
and the iron will be corroded. All commercial metals arrange them- 
selves in an electro-chemical series. I choose to arrange them in the 
order of starting with the most electro-positive and continuing toward 
the electro-negative end of the series. Zinc, iron, steel, nickel, tin, 
lead, brass, copper. If you take any one of these metals that is 
electro-negative to any other one, say for instance, copper, and con- 
nect it with iron in the presence of an electrolyte which may be 
water, electrolysis results and in this instance the iron is corroded. 
When iron is galvanized with zine the zinc is electro-positive to the 
iron, according to the classification above, and acts as a protective 
coating. However, when the zine galvanizing has been pierced and 
the underlying iron is in contact with the zine in the presence of 
acidified water, galvanic action results and the zine very rapidly goes 
into solution. It is for this reason—because zinc is electro-positive 
to the iron—that it is a protection to the iron pipe. 


Mr. BucuHaNnan: There would not be any trouble of that kind with 
alkaline water? 


Mr. Scunemwer: No, there should not be. Where the possibility 
of electrolysis exists it may be well to insulate against it. Con- 
necting the copper pipe to an iron pipe under such circumstances 
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a ae involves the use of proper unions. Where larger sizes of pipe are to 
zi ie be joined together it is advisable to use a ferrous cast flange on the 
ao : _ iron pipe and a brass flange on the brass pipe or a high copper content 
ar brass or bronze flange on the copper pipe. Between the two flanges 

a. a sheet of lead should be inserted, the bolt holes should be lined with 
lead, bronze or brass bolts should be used and lead washers. It ig 
possible in this way to insulate one pipe from another. 


Be Mr. MARTINDALE (Sudbury): For a number of years we used lead 
ai exclusively for service pipes up to 1 inch in diameter. Our experience 
____ with lead pipe has not been entirely satisfactory. Our specifications 
- i call for pipe made from virgin pig lead, but I am sorry to say that 
in some eases we do not get it. We have had a number of failures 

of lead pipe, and have had to replace the pipe, but these failures in 

the lead have been due to carelessness in the makeup, and after the 
lead has been in use 12 to 15 years it splits longitudinally, and brings 
about numerous cracks. We submitted samples to the manufac. 
turers, and they all promptly disclaimed responsibility. In those 
_ days the manufacturer’s name was not on the article. For the last 
| a years we have been using copper pipe almost exclusively. 
Our experience with copper service pipe has been entirely satis- 
1 factory, with one or two exceptions. In the first place, there is 
. nothing in the market that will equal copper service pipes for con- 
oes of handling. It is easy to make, and also easy to tighten 
up the joint, and it can be put in by comparatively inexperienced 

- labor. It takes a man with some experience to make a first class lead 

& joint. We used, for years, a lead flange coupling. Wiped joints 

are rather difficult to make and we do not always have competent 
men to wipe the joint, and therefore we have been using a lead flange 
joint entirely. It is a very satisfactory joint if properly made, but 
it is harder to make than a copper joint. We like the copper pipe 
on account of its convenience of handling, ease of bending and getting 
around corners. 

We had an experience with copper service pipe this year which I 
should like Mr. Schneider to explain. It was a service pipe running 
into the street railway carbarns, and the copper was decomposed as 
to the exterior surface of the pipe, so much so that it had to be re- 
paired. I think Mr. Schneider will probably say that was caused by 
electrolysis, but I am not sure whether it was or not. 

Close to this pipe, the ground was filled with cinders, and I am not 
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sure whether this damage was caused by the railway cinders, or by __ 
a direct electric current. : 

I had another experience with copper pipe this winter. We had 
conduits laid down for electric cable, and these conduits became 
filled with water and the water froze. I had to devise some means 
of getting the water out of these conduits, which were made of fibre 
laid in concrete, and I used 3-inch copper tubing in 60-foot lengths 
to carry steam into the conduits. I was quite surprised when the 
material came back to the store room, to find that the copper tubing, 
due to the use of the steam and its immersion in the ice cold water, 
was hard and brittle, and we could not possibly use it. We tried 
annealing it by reheating it and allowing it to cool gradually, and we 
were successful in salvaging some of it, but most of it had to be 


scrapped. 


Mr. ScHNEIDER: I can answer the first part of your question easily, 
but I am not so sure about the other point raised. 

All cinders form sulphurous and sulphuric acid and where pipe 
is buried in such cinders corrosion is certain to occur. Therefore, 
you should never under any circumstances put copper or brass, 
galvanized iron or steel or even lead in a cinder fill unless the pipe 
is protected against the leaching from such cinders. I do not say 
that was the entire cause of your trouble. I do feel, however, that 
the chemical action from the cinders had a lot to do with it. If you 
have a current in your pipe line, there is only one thing to do and that 
is to get rid of it by proper grounding or in some other way. 


Mr. Bucuanan: It is very possible that it was a combination of 
the two. Cinders would make a good contact for your electricity. 


Mr. ScHNEIDER: If it was a combination of the two, the pipe would 
go very rapidly. 

With regard to the pipe being used to thaw out conduits, it seems 
to me that the two temperatures should neutralize themselves, and 
the copper piping should have been relatively at a uniform tem- 
perature. When the steam is turned on it is possible that the copper 
might have been hot, and it might be made soft, but not brittle. Is 
it possible that the tubing \ was inserted i in | the conduit and that the 
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eich! 
‘s Mr. Scunerwer: I shall be very happy to have you wubrdiel some 
of the tubing in question to us. We shall be glad to send it to the 
laboratory for chemical and microscopical analysis and report fully 
to you. 


_ Mr. Hopkinson: We have some pipe alongside of a gas works, 
ae and we use lead pipe, and it corroded, and we put in copper and it 
Tasted longer. 
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‘0 the alt elie sol mort bas tolsw gai Tot 
fully CENTURY OLD CAST IRON WATER MAIN 
bas 
By Seta M. Van Loan! 
‘orks, On the 29th of April, 1931, in Philadelphia, Mayor Mackey, Director 
ind it Murdoch of Public Works and Chief Hayes, Bureau of Water, partic- 


ipated in the observation and examination of a section of 6-inch cast 
iron water pipe which was laid and had continued in active service 
in the distribution system since the year 1831. 

The inspection was made an occasion for a radio program which 
was broadcast from a stand erected. near the excavation at 5th and 
Federal streets. 

The Mayor, the Director of Public Works and the Chief of the 
Bureau of Water delivered addresses before several thousand and 
amplifiers projected the speeches over the air through a public ad- 
dress system installed for the occasion. 

Examination of the pipe disclosed it to be in good condition and 
capable of functioning for an indefinite period. a 

This pipe was part of the system laid subsequent to the year 1817, 
before which date practically all the water mains laid from 1800 in 
Philadelphia and other cities in the United States were of wood. 

The piece of pipe removed was an importation from England and 
is the bell and spigot type made in 9-foot lengths. A curious feature 
of these pipes, which was mentioned in a paper before the American 
Society of Civil Engineers in 1914 by Marshall N. Pugh, is that each 
length has three or four rings about it, approximately 13 inches wide, 
which were presumably to afford places with heavier walls in which | 
to tap the pipe. Although these original pipes are now only a portion 
of Philadelphia’s present great system, nevertheless they still con- 
stitute a considerable mileage. eg a 

Mayor Mackey and the other officials, who superintended the 
covering of the pipe, took the occasion to announce to the citizens of 
Philadelphia, the City Administration’s plans for developing a larger 
and more complete water system for a section of the city which had 
formerly been devoted to private homes but which is now becoming fe a 


Pa. 


1 Deputy Chief, Bureau of Water 


SETH M. VAN LOAN : 
the locati ion for large apartment houses. This section lies between 
Broad street and the Schuylkill River and south of Market street. 
In 1817, Philadelphia had completed a sixteen-vear study of devices 
for carrying water and from such date practically all the new work 
was of cast iron character which as time passed replaced the old 
wooden mains. The records of these studies are still available and 
make an interesting exhibit. Cast iron had not been used in this 
country for the purpose up to that time. In Europe, however, there 
had been some noteworthy installations, the earliest being that of the 
parks of Versailles, where in 1664, by order of Louis XIV, cast iron 
pipes were laid from the reservoirs of Picardie to those of Montbaron, 
together with a spring water conduit, to supply the town as well as 
the fountains. These cast iron pipes, now 267 years old, are still in 
service.” 
eet Previous to the use of cast iron pipe and even during the early days 
: of its adoption, pipe made of wood and some made of lead were used. 
In the City of London much wood pipe was used, but old reports 
from London state that wood pipe had to be completely renewed 
every 20 years. The first log pipe laid in Philadelphia was in 1799. 
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mens of this may now be seen in the Franklin Institute. 
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It had an outside diameter of 18 inches and a bore of 6 inches. Speci- — 
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two general classes, namely: 


2 Office Engineer, Edward E. Johnson, Inc., St. Paul, Minn. 


SOME PROBLEMS OF WATER WELL CAPACITIES! 


By Howarp WILLIAMs? 


Water wells may be classified in two general groups, namely; (a) 
wells which obtain their supply of water from hard rock formations, © 
and (b) wells which obtain their water supply from unconsolidated 
material such as sand and gravel. = 

The problems which are involved in a consideration of the capacity 
of wells ending in hard rock, and the mechanics of increasing their 
capacity, are much less clearly defined and much less complex thanfor _ se LE 
sand and gravel wells. For this reason the following discussion will — am 
be confined chiefly to wells ending in sand and gravel, and only the | 
most important considerations in conjunction with wells ending in as 
hard rock formations will be mentioned. a 

Frequently, rock wells involve greater problems in the mechanics _ 
of drilling than do sand wells; likewise, the problem of sanitation _ 
demands more skill on the part of the rock well driller than the sand a 
well driller. In the matter of yield, however, the possibility of 
obtaining increased capacity by the proper application of developing __ 
methods, based upon a thorough understanding of the characteristics 
of sand and gravel wells, is very much greater than in the case of wells 
finished in hard rock, and it involves the use of much greater skill on — 


the part of the operator. fo} of 
age ROCK WELLS 
Wells that are finished in hard rock formations may be dividedinto 


Those which obtain their water supply from consolidated forma- 
tions such as sandstone that contain water chiefly in the original inter- 
stices of the material. 

2. Those which obtain their water supply from formations that 
contain water chiefly in secondary interstices such as joints, fissures, 
crevices, or solution channels. 


_ 1 Presented before the Indiana Section meeting, February 27, 1931. 
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Wells finished 


ished in sandstone yield water by virtue of the interstices 

between the grains of sand and the cementing material which form 
the stone. In the harder sandstone, water may also be contained ip 
secondary interstices; but since practically all investigations and 
formulae are based on uniformity of structure, we shall deal with non- 
fractured sandstone only, in this paper. 

Slichter and King (1) made extensive and monumental investiga- 
tions for the United States Geological Survey over thirty years ago 
dealing largely with sandstone wells, and as far as the writer hag 
found, nothing better has been written since that time on the hydrau- 
lics of wells of this type. The data which they presented were largely 
of a theoretical nature, which fact should be considered in any attempt 
to apply them to field problems. Indeed, it may be said that their 
findings are not of real positive value in determining the yield which 
might be expected from sandstone wells; but all of the data have a 
very definite value of a comparative nature. ‘To explain this a little 
better, it may be stated that, if the general geological conditions and 
the nature of the sandstone were known in a certain location, it would 
not be possible to apply their findings to determine the yield of a 
well at that location with any expectation of accuracy. It would be 
possible, however, to determine with fair accuracy from the data 
which they give what yield might be expected from additional adja- 
cent wells if the yield of one well were already known; or if one well of 
large diameter were sunk down to the sandstone formation, it could be 
determined with reasonable accuracy how much the yield could be 
increased by drilling inside of the large well one or more smaller bore 
holes a given distance into the formation. 

For our purposes, however, we may deal with this type of well in a 
more general fashion and make certain general recommendations for 
procedure. 

In the first place, except under unusual conditions, it is poor economy 
to stop a sandstone well as soon as, or shortly after, the formation is 
encountered. The capacity of the well can usually be very materially 
increased at small cost by continuing the bore through the entire 
thickness of the formation. In a formation of uniform structure, the 
increase in yield will be greatest for the first portion of vein which is 
penetrated, and will become less and less as the bore is extended 
deeper. It is, however, usually profitable to continue the bore any 
distance up to 460 feet into the formation. 

_ Under certain conditions, it is possible to increase with safety the 
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yield of a hard, tight sandstone by blasting and then drilling and 
cleaning out the bore. This produces a reservoir-like enlargement of 
the bore with fractures extending outward into the vein. Good judg- 
ment is required to determine when a sandstone well should be “‘shot”’ 
and a skillful operator should do the work. Carelessness in blasting _ 
has ruined many wells which might otherwise have been successful. 

The yield of wells that end in sandstone is sometimes limited be- 
cause the formation is not tightly cemented and hence sand issues 
with the water whenever the well is heavily pumped. Suchacondi- _ 
tion is hard to remedy. An experienced driller can sometimes over-  __ 
come the trouble by “shooting” the well with dynamite, cleaning it 
out, and then packing it with clean, fine gravel. Occasionally, 
trouble from sand pumping can also be successfully overcome by __ 
placing in the stratum a well screen about half the diameter of the bore — 
and packing fine gravel around the screen. 

The second class or rock wells includes those which obtain their 

entire water supply from secondary interstices; Meinzer (2) lists three 
types of secondary interstices, namely: 

1. Joints and other fracture openings. wwilte ten 

3. Openings of minor importance, such as those due to mechanical 
erosion, recrystallization, etc. 

The first two are the only types of significance to us. 

Wells finished in limestone, dolomite, and other rocks of calcareous as 2 
nature are subject to solution in water, and it is common to find _ 
interconnected solution passages in these rocks which range in size 
from tiny capillary openings to huge caves such as the Carlsbad 
Cavern of New Mexico. Naturally, when these solution openings — 
have contact with an extensive infiltration area, they are capable of 
carrying immense quantities of water to any wells which may pass 
through these channels. Many wells that end in limestone or dolo- 
mite are abundant yielders of water; but unfortunately the water is 
frequently very high in total solids. Another serious objection to all 
rock wells that derive their supply from formations that contain water 
in secondary interstitial openings is the fact that they are more 
likely to contain polluted water. It has been estimated that approxi- 
mately 25 per cent of all the rock wells in the state of Wisconsin are 
polluted to some degree, chiefly due to the extensive transmission of 
polluted waters through the limestone which overlies the sandstone 
which is the most common source of water supply from rock wells in 
the state. Similar conditions probably obtain in other states. 
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Most rock wells of this general type present a greater problem jn 
sanitation than in yield. There is little real problem of yield. It jg 
chiefly a matter of chance whether the bore of the hole happens to 
connect with good joints, bedding planes, or solution channels, 
There being no formula for chance, we may dismiss the matter of yield 
from such wells by stating the following general recommendations: 

1. The borehole in such wells should be continued until ample 
water is obtained or until the entire formation is penetrated, in the 
case of limestone, dolomite, etc.; and in such rocks as granite, quartz- 
ite, and others depending upon joints, crevices, and bedding planes, 
the drilling should be continued as long as there is evidence of any 
further openings, and discontinued when any considerable thickness 
has been drilled without signs of large interstices. This is one place 
where the skill and judgment of the driller is worth more than any 
formula ever compiled. 

2. Where there is water obtained, but not in sufficient quantities, 
the yield is frequently increased by blasting. The explosion may set 
up new joints which will extend to adjacent water-bearing joints or 
channels not otherwise connected with the borehole. Blasting should 
not be used on all rock wells because there is almost as much chance of 
ruining a good well as to improve a poor well by blasting. Only a 
skilled driller should attempt to do this work. IPCI Hee 
AND GRAVEL WELLS Hodes alles 

When we enter into a consideration of the yield of sand and gravel 
wells, we are confronted with a problem of growing importance due to 
the increased demand for wells of this type. This demand is largely 
the result of modern well finishing methods which make the sand and 
gravel well very generally superior to the rock well in combined quan- 
tity, quality, sanitation of supply, and overall gallon-year cost. We 
also find a problem in which results depend largely upon the mechan- 
ics of development. When we deal with sand and gravel wells, we 
reduce the factor of chance to a minimum and substitute in its place 
the factor of development which must depend for its successful appli- 
cation upon a proper understanding of certain fundamental laws of 
hydraulics and mechanics. 

This is a problem of such magnitude that it cannot be covered in 
any detail in this brief paper, but in order to give an idea of some 
fundamentals, it should be profitable to touch upon certain outstand- 
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W. A, 

ey in A great deal of research into the movement of water through sand 

It is has been done in the past fifty years by such eminently able engineers 

a8 to and geologists as King, Slichter, Hazen, Norton, Meinzer, Stearns, and 

nels, others. In recent years, the German engineers have evidenced much 

yield interest in the subject. The results of many valuable experiments 

- have been recorded and numerous formulae developed. Doubtless, 

nple these formulae have practical value in studies of filters, water pros- 

the pecting to determine probable maximum capacity of the water supply 

ta. in a given territory, and similar applications. However, when an 

nee, attempt is made to apply these formulae to individual wells in sand 

“7 and gravel the results are worse than unsatisfactory—they are, in 

Ness fact, misleading. 

lace As an example, the following formula (3) to determine the expected 

any yield of a well or the proper diameter of well for a required yield is 

advanced in one of the best of recent volumes on the general subject 

les, of water supply. The authors refer to the German engineer, K6nig, 

or te onlay 

) = quantity in e.f.s. to date hae 
Cp = coefficient of permeability. (Apparently equivalent 

to U.S. G. coefficient of permeability expressed 

in hundreds instead of units.) 

= height of screened section of vein. a 

V = velocity in feet per second. 
In solving, they assumeasanormalexample, 

an- 

We Cp = 4, V = 0.0033 rch alt 

pie Applying this with 10 feet of screened vein and Q = 0.5 (225g.p.m.), 

in which would indicate a well about 20 feet in diameter to yield 225 

ne g.p.m. 

d- According to this formula as applied, a 12-inch well with 10 feet of 

vein screened should be expected to deliver only 12 g.p.m. 


Wee 


Such results are out of all proportion, of course, and to attempt to 
use such a formula successfully in the field is out of the question. 

If we examine these different formulae carefully, we find that they 
are all based on (a) a very low and constant velocity of the water, (6) 


a constant effective grain size, coefficient of uniformity, and coefficient 
of permeability for all points in the vein around the well, and (c) no 
disturbance of the sand as originally found in the vein. When we 
realize that modern methods of sand well finishing and development 
are based on the use of far higher velocities than are commonly applied 
in these formulae, that there is a definite purpose to produce a change 
in effective grain size and the coefficients of uniformity and perme- 
ability, and that strenuous efforts are used to disturb the sand around 
the well end, it is very easy to see why these formulae fail so com- 
pletely in practical application. 

Some day, perhaps, we shall have formulae which we can apply with 
better results to individual wells; but a close study of the subject for 
several years leads me to state that the observation of the following 
axioms is of far greater value at present. 

1. Before drilling a well to furnish any considerable quantity of 
water, in an untried territory, first determine the most favorable loca- 
tions from the standpoints of geology, sanitation, and convenience, 
and then sink one or more test wells. A skilled observer can deter- 
mine more from a good test well than from all the formulae in 
existence. 

2. Determine the type and size of permanent well from the findings 
of the test work, a careful analysis of the sand or gravel as found in 
the vein, the mechanical convenience in sinking and developing, and 
pumping efficiency. 

3. Especial emphasis should be laid upon development of the well to 
its fullest capacity by the use of the most efficient screening device 
and proper application of developing methods. This is particularly 
important because capacity, drawdown, and permanence are func- 
tions of intake area and development; and overall gallon-year costs 
are, in turn, functions of capacity, drawdown, and permanence. 

We can best demonstrate these axioms by briefly touching on the 


hydraulics of sand wells and studying their behavior under different 
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HYDRAULICS OF SAND WELLS 


Figure 1 illustrates what may be termed the “normal hydraulic 
gradient ,” during pumping, of a well finished in sand or gravel forma- 


GRADIENT OR SLOPE IN A WATER WELL PRIOR TO DEVELOPMENT 


tion before any development has been done. By “hydraulic gradi- 
ent” is meant the slope of the surface of the water in the vein. 


Test Wells 


| 
6 Staticlevely ||| 
Loss of H in | Hydraulic 
Le : Loss of H at Well-end | ~ Gradient 
Pumping Heady Got - 
Area éVolume of D:2xB (approx) | Sand 
AV; Vivelocity)* Q (quantity) Vein 
Therefore Velocity at B= 2x Vat D 
Hs K 1g 0 Assumed Range-Continuity of Flow 
Therefore, Hs (friction) varies as square of V 
Hg in Bis, therefore, equal to 4HsD 


Fig. 1. ILLUSTRATION OF THE HYPOTHESIS OF THE NORMAL HYDRAULIC 


It will be noticed that a main well is represented having a number of 
small pilot wells drilled down to the water formation in a row away 
from it. If we could measure the water level in the main well when 
pumping at a given rate and before any development whatsoever has 
taken place, and measure the levels of the water in the pilot wells at 
the same time, we would find that the water levels would keep getting 
lower and lower as the main well is approached, and if the points were 


connected together by a smooth curve it would appear as shown in 
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the illustration. It would be called the hydraulic gradient of the 
well at the given rate of pumping. 

The first question which might be asked is, ‘‘What causes dray. 
down?” In my opinion, the best way to approach this question is by 
thinking of the small voids or passageways in a sand vein through 
which the water passes as a complex system of pipes all connected 
together and leading to the main well. Obviously, a certain head or 
pressure must be consumed in moving the water through a system of 
passageways such as this. This lost head, known as “drawdown,” 
is the force which overcomes friction and moves the water into 
the well. 

This logically leads to the question— ee 

“Why is not the hydraulic gradient or slope a straight line instead 
of a curve which gets steeper and steeper as the well is approached?” 

To explain this we will refer again to the illustration, showing a top 
view of this same water vein. 

If we were to consider sectors B and D, for example, we would find 
twice the area on the outside surface of sector D as on the outside sur- 
face of sector B, the distance from the outside of sector D to the center 
of the well A being twice as great as from the outside of sector B to the 
center of the well. This means that there is twice as much opening for 
the water to pass through at this particular point in sector D as in 
sector B. 


¢ 
Referring to the fundamental formula in hydraulics, V = 5, we find 


that if we are to pass as much water through B as through D, the 
velocity must be twice as great at corresponding points in B as in D. 
Referring to a friction formula for pipe lines in hydraulics, 


149 
we find that the friction loss, or the pressure head loss due to friction, 
varies as the square of the velocity, regardless of the complexity of the 
system, the friction loss becoming four times as great if the velocity is 
doubled, nine times as great if the velocity is tripled, ete. Thus, we 
see that the loss in pressure head must increase approximately in- 
versely as the square of the distance from the well—if conditions were 
uniform and stable, it would be in exact proportion. 
_ The gradient curve in an undeveloped well, therefore, assumes this 
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“shape or form. 
to have this same general form. This brings us to the next question. 
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It may be less in total vertical depth, but it is bound 


‘“‘How can this drop in the curve be reduced? How can its form be 


ae changed so that it will approach a straight line?” 


To answer this, let us think again of these passageways in the vein 
as a series of small pipes. Knowing that if the diameter of a pipe is 
doubled its area and carrying capacity are increased four times, it 
becomes evident that if the passageways in a sand vein are increased 
in diameter, and if the total volume of non-permeable material is 
reduced to accomplish this, the water-carrying capacity will increase 
by the square of the net gain. To illustrate, assuming a unit area 
containing 100 passageways of unit size, one-fourth of the gross area 
being openings or voids and three-fourths being the enclosing non-per- 
meable sand particles that form the walls of the passageways; and 
then assuming an increase in the diameter of the passageways to 
double unit size by reducing the number by half and the non-perme- 
able area by one-third, the result would be 50 passageways of 2-unit 
diameter, with twice the opening area and water-carrying capacity of 
the 100 previous passageways, and occupying the same gross area. 

This consideration naturally leads to the question, ‘‘How can this 
condition be produced in actual practice in a well?” 

There are two general ways in which this can be done; namely, (a) 
by what may be termed development or natural gravel packing, and 
(b) by artificial gravel packing. Before outlining these processes, we 
should briefly consider some of the properties of sand and gravel as 
water-bearers. 

1. The total volume of open space between spherical bodies in a 
given volume is the same regardless of how large or small the spheres 
are, provided they are all graded the same size. To put it another 
way, there is the same total void in a pailful of sand grains which are 
all 0.001 inch in diameter as in a like pailful of baseballs. 

2. If some finer sand is put in the voids between the larger spheres, 
there will be a reduction in the total void. This means that fine sand 
mixed into coarse sand or gravel reduces the porosity or water-con- 
taining capacity of the coarse sand or gravel; and it will also reduce 
its permeability or capacity for yielding water. 

3. As the converse of paragraph 2, if large pebbles or gravels are 
mixed with fine sand, the result will be less void or open space than 
before, and the water in moving cannot go through the pebbles but 
must go around them; thus, permeability are in 
this way, also. 
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These first three facts bring us to a realization that this matter of 
mixing sand and gravel requires considerable thought as to the grad- 
ing of the material. Uniformity of grading is in most cases of even 
greater importance than the general or average fineness or coarseness 
of the material. 

4, Asa final consideration, it is vital to take cognizance of the mat- 
ter of “bridging’’ of sand grains. There may be some coarse and some 
fine material in a vein, and it might be thought possible to remove all 
of the fine material within the desired range by pumping vigorously. 
But this cannot be done because the smaller grains will form bridges, 
somewhat like an arch, across the opening between the larger grains 
and refuse to be moved as long as the flow of water continues in one 
direction. That is one of the main reasons why straight pumping is 
seldom a sufficient means of development for wells in sand and gravel. 


THE DEVELOPED OR NATURAL GRAVEL-PACK WELL IN A VEIN OF MIXED 
sine COARSE AND FINE SAND OR GRAVEL 

A sereen of the proper construction is inserted in the vein at the 
bottom of the well and sealed to the well casing. A single line of well 
casing is used and no provision is made for the insertion of gravel 
artificially. Pumping of the vein and some method of surging and 
development are provided. The easiest way to think of what hap- 
pens in the bottom of the well is to think of the sand vein as being 
made up of a large number of minute sectors of sand something like 
the sectors A, B, C, ete., shown in figure 1. As the finer material is 
pulled through the slots of the screen, all but the coarsest material 
next to the screen is removed. Then the finer material in the second 
sector moves to the first sector, that from the third moves to the 
second, from the fourth to the third sector, etc. As this is continued, 
the sand grains gradually arrange themselves with the largest and 
most uniform only next to the screen; the largest and next smaller 
size, in the second sector; the largest and next two smaller sizes, in 
the third sector, etc., with the mixture being more uniform and more 
permeable as the screen is approached, and—a thing which is vitally 
important—with each sector graded in exact relation to the one next to it 
so that each acts as a stabilizer for the one further on. Regardless how 
hard the pumping may be applied, this relationship will not be dis- 
turbed even though the nature of each sector may be changed. 
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ARTIFICIAL GRAVEL PACKED WELL IN VEINS WITH MIXTURE OF COARSE 
AND FINE SAND OR GRAVEL ; 


A large outer casing is sunk to or through the sand vein, and a small 
casing and screen is set inside the outer casing. A coarse aggregate 
is inserted directly around the screen. The vein is assumed to be 

composed of a mixture of coarse and fine material. As soon as pump- 
ing is started, finer material pulls into the coarse material; and since 
there is a mixture of coarse and fine grains in the vein, the coarse will 
be held back and the fine will be pulled into the packing gravel, and the 
well then becomes a job for natural development just as if no gravel 
had been added artificially. The only advantage is the possibility of 
slightly larger gravel directly around the screen, which probably will 
add a little to the permeability, although it will not add enough to pay 
for the extra cost of this type of construction, except in very shallow 
wells under ideal conditions. ; 


ARTIFICIAL GRAVEL PACKED WELL IN VEINS OF FINE SAND + 


The procedure is the same as for veins with mixture of fine and 
coarse material. If too coarse packing gravel is used in such a case, 
the fine material will enter the coarse material, filling up the voids 
between the coarse grains and reducing the permeability, thereby 
increasing the velocity or speed of the water. This, in turn, will 
cause more fine material to be pulled in, causing still further reduction 
in permeability, which will again cause an increase in velocity, and a 
vicious circle is started which results either in clogging or sand pump- 
ing. The aggregate being too coarse and not extensive enough, it 
cannot build up the graduated wall of assorted sand and gravel around 
the screen. The only remedy is to replace it with finer aggregate, or 
to increase its range. This is usually a difficult and expensive task, 
and it is one of the reasons why it is never safe to pull either inner or 
outer casing out of an artificial gravel-packed well. When such a 
gravel-packed well is used, it should always be required that both an 
inner and outer casing be used and both be left permanently in 

COMPARISON OF TYPES 

Summarizing, we find that the ordinary artificial gravel-wall or 
gravel-packed well in a vein of mixed coarse and fine material must be 
packed with material similar to the coarse material in the vein if the 
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well is to be pumped heavily, or the gravel pack must be made very 
extensive. When it has an ordinary pack of properly graded gravel, 
it promptly turns itself into a natural packing job, which requires the 
same features in a screen device as the ordinary natural developed well 
in order to be fully successful. When artificially packing a well in 
fine sand, it is very essential to make the packing extensive and to hold 
down the rate of pumping so that it does not start the fine sand moy- 
ing into the packing gravel. Some such wells are spoiled in testing. | 

The fundamental considerations necessary to determine what 
method to follow are: 

a. Ordinary fine sand with reasonable permeability and good 
uniformity is usually best screened without packing and with a 
relatively fine slot screen rather than the coarse slot screens such as 
are used in development. 

b. Very fine and uniform sand is best artificially gravel-packed. 

c. A mixture of coarse and fine sand is best finished with naturally 
developed pack, using as coarse a slot of screen as an accurate analy- 
sis of the material shows to be advisable. 

Each type of well has its place. Unfortunately, indiscriminate 
propaganda has spread the opinion in many quarters that the artifi- 
cial gravel-wall or gravel-packed well is a panacea for all the ills of 
sand wells. This is farfrom true. There are some places where this 
type of well is superior to others, as outlined above; but in the vast 
majority of cases, the natural developed or ordinary screened well 
will prove much superior in gallon-year cost. In fact, there are many 
cases where artificial gravel-packed wells are decidedly inferior in 
production to other types of wells that are less costly to install. 

In any type of sand well four important features must be specified 
in the screening device used: 

1. Construction with slot rather than square or round opening. 
This is to prevent plugging, as a grain can make contact on a slot at 
two points only. 

2. The slot must be constructed with sharp outer lip and abruptly 
widened inner opening. This will prevent any grains which pass the 
outer lip from wedging and clogging the opening. 

3. Maximum area of opening is essential because velocity is an 
inverse function of intake area, drawdown is direct function of 
velocity, and pumping cost is a direct function of drawdown. Thus, 
pumping cost is an inverse function of intake area. 

4. Non-corrosiveness. All natural waters are corrosive to varying 
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degrees, and the permanence of the well will commonly depend in 
like degree on the non-corrosiveness of the screen. 


qolay 
YIELDS » ha 

Before concluding, it will be well to devote a few moments to a con- 
sideration of general factors bearing on the matter of the yield of all 
types of wells. 

First: the diameter of the bore. . 

In flowing wells drilled into sandstone, the influence of diameter of © 
bore is calculated by King (4) as follows: - 

Assuming the yield of a 2-inch well as 100 percent, the yieldofa = 
6-inch well would be 115.8 percent, and the yield of a 12-inch well __ 
would be 126.07 percent. 

In pumped wells drilled into sandstone, the maximum yield would 
follow the same proportion; but the limitations of pumping equipment 
would be found to be the controlling factor in most cases, except 
where the yield is weak. | 

In wells finished in other kinds of rock, the yield will not follow any _ 
definite proportion to the diameter, but must depend upon the chance — 
of striking favorable joints or channels. 

In wells of sizes large enough to permit adequate development in | 
sand and gravel—roughly 6-inch and larger—my observations in the = 
field have shown that all other factors being equal, the diameter of a . 
well will influence the yield approximately in accordance with the © 
following formula which I have developed for purposes of rough — 
estimation: 


2 dt (¢) 


in which 


yield of larger well. 


n= d, and d,; being diameters of larger and smaller 
Y, = yield of smaller well. 
Controlling factors in determining the diameter of a well are: x 3 i 


1. Mechanical requirements of drilling and development. A well a 
of too small diameter in rock presents serious problems, such as in- ; 
sufficient weight of drilling tools, lack of provision for reducing diam- | re ye ome 
Very sizes, on a the hand, 
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heavy and expensive equipment. Small wells finished in sand and 
gravel involve the additional disadvantage of being difficult to de- 
velop effectively. 

2. Efficiency of pumping equipment will establish a minimum size 
which is commonly larger than the actual requirements of maximum 
yield. 

3. Of less importance, and yet worthy of consideration, is the actual 
increase in yield which is the net result of increased diameter. 

As a generalization, based on a knowledge of a large number of 
wells in all parts of the country, I feel warranted in recommending 
for municipal and industrial wells under normal conditions, a mini- 
mum diameter of 8 inches and a maximum diameter of 24 inches, 
Wells smaller than 8-inch diameter seldom prove adequate for mu- 
nicipal or industrial purposes, and wells larger than 24-inch diameter 
are generally expensive out of proportion to any advantages they 
may have. 

One of the most vital matters to be borne in mind is the arrange- 
ment of wells when two or more are sunk into the same stratum. In 
the first place, if the direction of flow of the ground water is known, 
the wells should be set in line across the line of flow and not parallel 
toit. Ifariver, spring, lake, etc., is nearby, it can usually be assumed 
that the ground water flows toward the body of water. A study of 
the underlying geologic structures and their inclinations, together 
with information obtained from surrounding wells, will ordinarily 
indicate the direction of ground water movement. 

The spacing of group wells is of much importance in order to strike 
an economical balance between interference in yield and cost of 
pumping, piping, etc. 

Slichter (5) gives the following data based on mathematical calcu- 
lations: 

Given two 6-inch wells pumped at given drawdown, the percentage 


of interference willbe asfollows: 
Distance apart Interference 
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If three wells are placed in line equidistant apart, the following _ 


100 


Two wells spaced 10 feet apart may be expected to yield about 31 
percent more than one well alone. Ifa third well were placed between 
them, the combined yield of the three would be only about 35 percent 
more than one well. 

If the same two wells were spaced 200 feet apart, their combined _ Se 
capacity would be 69 per cent more than one well alone. Ifathird 
well were placed between them, the combined yield of the three would 
be about twice the yield of one well alone. 

From these data it would appear that an economical average of | 
spacing between wells would be about 100 feet. A more exact figure 
could be determined only by test wells and calculation of interference 
and transmission costs. 

REFERENCES 
(1) Nineteenth Annual Report, U.S. Geological Survey, 1898-9, Part2. ; 
(2) Mernzer, O. E.: ‘‘Outline of Ground-Water Hydrology,’’ U.S. Geological _ 
Survey, Water Supply Paper No. 494, p. 18. \ 
(3) Fuinn, Weston Bocert: ‘Waterworks Handbook,” p. 238. 
(4) Kine, F. H.: ‘‘Principles and Conditions of the Movement of Ground 
Water,’’ Nineteenth Annual Report, U. S. Geological Survey, Part 2. 
(5) Sucurer, C. S.: ‘Theoretical Investigation of the Movement of Ground _ 
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WATER SOFTENING AT BLOOMINGTON, ILLINOIS! 


By Cuarues H. SPAULDING? 


The project of providing soft water for the city of Bloomington has 
several aspects, economic, financial, engineering, etc. This paper 
will discuss briefly some of the chemical features. 

Soft water has been obtained in this case by two steps; first, change 
from a hard well water supply to comparatively soft surface water; 
second, softening the new supply with lime. The first step brought 
the hardness down from 800 in the old supply to 230 p.p.m. in the 
new, a reduction of 71 percent. The second step reduced the hard- 
ness of the new supply to 60 p.p.m., a further reduction of 74 percent. 
From the rank of one of the hardest municipal supplies of the state, 
Bloomington has taken two jumps to the place of one of the softest. 
On the basis of softness alone this supply is equaled by only six or 
seven smaller cities and villages in the state. When clarity, safety 
and potability are considered, it is entitled to rank among the best. 


THE LAKE 
The construction of a lake was doubtless determined in large meas- 
ure by the demands of quantity as well as quality, but it would have 
paid the community as a softening project alone. The cost of 
softening the well supply from 800 to 230 p.p.m. would have been 
over $150.00 per day for lime and soda ash alone on the present low 
pumpage of 2.5 m.g.d. The investment is approximately 1.25 mil- 
lion dollars, including lake, purification plant and pipe line. 
Previous to the construction of this lake the writer ventured the 
prediction that such a lake fed by a steam originating in the Bloom- 
ington moraine would have about the same hardness as Lake Decatur, 
which has the same origin and which was reported at that time to 
contain 200 p.p.m. hardness. This was based on records of the 
United States Geological Survey* showing close similarity in the 


_ 1 Presented before the Illinois Section meeting, April 29, 1931. 
Supervising Chemist, Water Department, Bloomington, III. 
1 U. S. G.S., Water Supply Paper No. 239. 
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quality of streams rising in this vicinity. Recent analyses have 
shown that the waters of the two lakes, Decatur and Bloomington, 
can scarcely be distinguished on the basis of hardness determination. 
The available records* show an average throughout the year for 
streams of this origin of 247 p.p.m. This may be compared to 230 
p.p.m. in Lake Bloomington during a year of drouth. It appears 
that we may expect 90 percent of the stream average during dry 
seasons, and 80 percent during normal years. 

An interesting phenomenon has been observed which brings about 
a reduction in hardness of lake water. It is well known to water 
chemists and others that chlorophyll-bearing algae produce oxygen in 
water under the influence of sunlight, the source of the oxygen being 
carbon dioxide in the water. The plant cells utilize the carbon and 
half the oxygen in the production of starch; while the other half of the 
oxygen is set free. I have not seen any reference to this as a soften- 
ing reaction in the literature, but such it is in fact. The removal of 
carbon dioxide in this manner has the same effect as its removal by 
lime, namely precipitation of normal calcium carbonate. Without 
any rain or runoff, and in the face of a falling reservoir stage, the 
hardness dropped from 234 in May to 197 p.p.m. in June, and re- 
sulted in a saving of $6.00 per day for lime. Thus the much maligned 
algae have paid dividends. With the return of lower temperatures in 
the fall, and the decline of the algae population, the hardness again 
rose and finally exceeded the previous spring records. 


nt beve 


The water softening plant has been admirably designed from the 


standpoint of flexibility. The two mixing tanks and two clarifiers 
can be used either in parallel or in series, the intent having been to 
use series operation during turbid water conditions, at which time the 
first clarifier would act as turbidity remover, and the second for 
softening.* A minor change in the piping before starting operation 
made it possible to recarbonate the water before it entered the second 
mixing tank, and the addition of sludge returning facilities later 
made possible the full realization of softening with lime, at our present 
rate of operation. 


THE WATER SOFTENING PLANT dul 


‘L. R. Howson, The American City, November, 1930. 
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The sequence of treatment under the present rn at the 
rate of 2.5 m.g.d., which is one-half the rated capacity of the plant, 


how: 
1. Mixing with excess 
6. Secondary recarbonation (optional) at clarifier outlet ror ae 
7. Filtration 


Excess lime is added first, sufficient to combine with all magnesium 
and leave 50 to 60 p.p.m. caustic alkalinity. Caustic alkalinity in 
the overtreated water will rise to 80 to 100 p.p.m. in winter, because 
at low temperatures not all the magnesium will be precipitated even 
with this excess treatment. 

The return of sludge is the application of a principle that is taught 
to every beginner in analytical chemistry, but its use in water soften- 
ing has followed the adoption of continuous sludge removal equip- 
ment such as the Dorr clarifier. For the best results, sludge should 
be taken from the second clarifier and not from the first. There are 
two reasons for this: first, sludge in clarifier No. 1 contains the great 
bulk of algae found in the raw water, and at times may be exceed- 
ingly foul and malodorous; second, sludge in clarifier No. 1 contains 
magnesium hydroxide freshly precipitated and readily redissolved if 
mixed with water from which excess lime has been removed by recar- 
bonation. To check this point, we have actually used this sludge 
and found a rise of 20 p.p.m. in the hardness above the results with 
sludge from clarifier No. 2. Clarifier No. 2 contains practically pure 
calcium carbonate with few microérganisms or algae. 

The lime feeding equipment consists of two Omega Machines 
designed for hydrated lime. In order to adapt these to use of quick 
lime, a slightly larger solution tank has been substituted for the one 
furnished, and an outboard stirring machine installed. With this 
equipment ground quick lime is successfully slaked and fed into the 
raw water. The saving due to the use of quick lime instead of hy- 
drated amounts to about $5.00 per day. Ra Cree 7 


Two interesting features of the operation of this plant deserve 
mention, although they are not related to softening. One is chlor- 
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amine treatment. This is made necessary by the fact that the 
filtered water is stored at Bloomington in an open reservoir holding 
four days’ supply. The treatment with chloramine carries a residual 
chlorine of 0.2 p.p.m. to the city taps without taste or odor during 
greater part of the year. During the summer months, however, 
biologic activity becomes uncontrollable by this method in the city 
reservoir, and it is then necessary to chlorinate the final high service 
pump suction. This is accomplished with an automatic Wallace & 
Tierman A. S. V. Machine. The point of application of the chlor- 
amine is in the first mixing tank so as to eliminate algae growths in 
the basins at the plant and to prolong filter runs. 


Activated carbon use aad 


The second feature is the use of activated carbon in taste removal. 
The carbon used is ‘‘Nuchar No. 2 Fine.” It is applied in the second 
mixing tank. The carbon which settles in clarifier No. 2 is returned 
to the mixing tank repeatedly. Some, of course, goes into the 
filters and is lost in the waste water. The carbon undoubtedly re- 
moves some algae odors and will probably be used during periods 
when they are noticeable in the raw water. Whether it will remove 
all odors when used in this manner is doubtful. Our experience of 
less than a month warrants a qualified endorsement. _ 

We have felt gratified at the performance of this plant which is due 
to a number of factors in addition to the features of design already 
mentioned. Uniformity and regularity are particularly necessary 
with this type of treatment, and they have been worked out to a 
marked degree. Some of the aids in this respect are: a recording 
thermometer placed on the lime slaker by which a constant applica- 
tion of lime is assured; a recording altitude gage on the applied water 
by which we have been able to eliminate fluctuation in raw water 
pumpage; the smooth and constant operation of carbonating equip- 
ment which is oil fired and requires a minimum of attention. Of 
equal importance may be mentioned the capable and conscientious 
effort of the plant operators under the direction of Delmar Riser. 
Acknowledgment should be made, also, of the guidance and support 
of C. C. Williams, Superintendent of Bloomington Water Company, 
and of the Bloomington Water and Light Department. Eten een 
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me AN ARTIFICIAL SUB’ TERRANEAN WATER SU PPLY 
SYSTEM 
goalie’ if By LELaNp W. Park’ 


A clean and adequate water supply has been one of the desideratg 
various civilizations have striven to obtain. This was true long 
before the real hygienic significance of good water was known, 
Roman culture has contributed much to public health. It is usually 
eredited with street sewers or cloacae, public baths, paved streets, 
some idea of garbage collection and disposal, and with extensive 
and expensive public works designed to afford a plentiful, sparkling 
water supply. The Romans often brought water long distances by 
means of aqueducts, remains of which are still to be seen stretching 
across the Roman Campagna. Some of the old aqueducts are still 
in use in various places almost exactly as they were centuries ago, 

In the northern part of Arab Asia, however, there are remains of 
ancient means of obtaining water less familiar to the western engineer 
than the aqueducts of the Romans. Some of these systems may date 
back to the time of Queen Zenobia’s great kingdom at Palmyra in 
the third century of this era. Some of them are still usable, al- 
though Palmyra itself is today only a collection of Arab hovels in 
the midst of which are a would-be modern tourist hotel and a French 
military post, all in a setting 6f acres and acres of columns, capitals 
and other relics of past glory. 

There are snow-capped mountains in the western part of this area 
from whose slopes issue numerous springs of excellent quality and 
sufficient in quantity for the use of good sized villages and even cities. 
Thus Damascus, a city with a population of a third of a million, has 
its drinking water piped to it from a distant spring. But as the 
mountains level off into the plain to the east and become the Syrian 
desert these springs are no longer found. To attempt to divert a 
small mountain stream even a few miles over the surface of this area 
would be futile because of rapid evaporation and a soil not adapted 
to ditches because of lack of clay. For example, the so-called Seven 


1Formerly of the Department of Bacteriology and Hygiene, American 
University of Beirut, Beirut, Syria; Andalusia, Ala. 4 
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Rivers of Damascus, whose waters make it possible for that city to 
be surrounded by rich vegetable gardens and fruit orchards, and 
which have themselves arisen in the hills to the west of Damascus, 
shortly are lost in the desert a few miles to the east. Formerly iron 
pipes were unknown and for some reason stone aqueducts were not 
made use of in this part of Syria, although they have been and still 
are used in other parts of the country. 

To meet the water needs in towns situated along the edge of the 
desert the Syrian engineers of the past constructed artificial sub- 


i. terranean streams running from the foothills considerable distances 
ong to the villages in the arid areas. (See figure 1.) These streams were 
a built by sinking a row of wells along the route of the proposed sub- 
auly 
Pets, 
Ing 2 rian Desert —> 
still Line of 
& 
of 
Water Source 
plants Ms tale, net Well 
s in 
neh Fig. 1. DiaGraM oF A SUBTERRANEAN WatTER Suppiy System 
itals 
terranean stream and removing the earth between the wells, or 
i manholes, at a level where the flow of ground water overlay a rela- 
tively impervious stratum, thus forming a sort of water tunnel. 
and 
ties As one rides through such an area one sees the row of wells. They 
bal look like little mounds of earth occurring in a line about every thirty 
the to forty yards. On closer inspection the well in the center of the 
haa mound through which the earth excavated below was removed and 
+ needed repairs made becomes visible. 
a 
vail Considerable skill must have been used to locate a proper source of 
sted underground water at the foothills and to preserve the correct level 
ae of tunnel excavation along a row of wells several miles long. The 
; amount of labor involved must have been tremendous. This is all 
_ the more remarkable when one considers the lack of adequate en- 


= 
= 
- 

a 
y 

bape 
at 
y 

<< 
a 

aah 
Per 
; 


LELAND W. PARR 


1016 


would be none the less considerable. 


her sry 
ac 


2 
ies 


gineering apparatus and labor saving devices in use at the time the 
subterranean channels were constructed. Of course the daily per 
capita water consumption in this part of the world has always been 
less than we are accustomed to think of as necessary, but the amount 
of water used by a village of several hundred people and their animals 
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ils ANNUAL REPORT OF COMMITTEE ON WATER WORKS ~~ 
PRACTICE, FOR THE YEAR 1930 
Meetings held during the year 
January 16, 1930, at New York. 
AD 


j a. COMMITTEES ON THE MANUAL OF WATER WORKS PRACTICE 


Committee No. 1, Basic Data, C. A. Holmquist, Chairman. ahaa! 2 ae 

Two tasks have been assigned to this Committee. poh, 

1. The preparation of such material as is desired for inclusion in 
the Manual of Water Works Practice under the heading of Basic 
Data, including statistics and text which should not appear under one 
of the other divisions of the book. 

2. The consideration of collection of statistics of individual water 
works plants. 

Mr. Holmquist in his capacity as Chief Engineer of the New York 
State Board of Health publishes a pamphlet containing statistics of the 
water works plants in his state. He has not made any appointments 
to his Committee, but has confined his work so far to making re- 
quests to the chief engineers of the state boards of health throughout 
the United States for copies in duplicate of such similar pamphlets as 
they publish. As these come in Mr. Holmquist will keep one on file 
at his office and send the other copy of each one to the A. W. W. A. 
headquarters office at New York. He has received replies from over 
half of the states. Much of these data changes continually. In 
New York he publishes his pamphlet every five years keeping the 
data corrected to date between times on large typewritten sheets. 
Some states reported to him that they have issued no such pamphlets. 
Committee No. 2, Surface Water Allocation. No chairman appointed. 
Committee No. 3, Surface Water Collection, W. E. Fuller, Chairman. 
No other appointments made. 

Committee No. 4, Ground Water Collection, D. W. Mead, Chairman. 
No other appointments made. 
Committee No. 5, Quality and Treatment, Paul Hansen, Chairman. 


nt 
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Mr. Hansen has received drafts of text for the Manual for 18 out 
of 29 topics from about sixty men on his committee. He will wait 
until he receives the other drafts before editing them, which will 
begin early in 1931. He will then return these drafts to the authors 
with instructions for revision and this material will be ready for publi- 
cation in the Journal of the Association about the middle of 1931 for 
information and criticism of the members. 

Committee No. 6, Power and Pumping, F. G. Cunningham, Chair. 
man. 

Work under way on text for the Manual. 

Committee No. 7, Transmission and Distribution, G. Gale Dizon, 
Chairman. 

This Committee is carrying on its work through twelve sub-com- 
mittees of which six are organized and working. 

Sub-Committee 7-A, Steel Plate Pipe for Water Supply, F. A. Bar- 
bour, Chairman. 

This Sub-Committee held an organization meeting in New York in 
July, 1930, and adopted a program of work to include gathering his- 
tory of large steel plate pipe lines used for water supply in this 
country, the preparation of specifications for such pipe lines as well 
as the writing of text for the Manual onthistopie, = © 

Sub-Committee 7-B, Reinforced Concrete Pipe. 

No appointments made. theo H to breotl 

Sub-Committee 7-C, Cast Iron Pipe. j 

No appointments are to be made at present. = = © 

Arrangements were made this year by Mr. Dixon with A.-21, the 
Sectional Committee functioning under the American Standards 
Association on Specifications for Cast Iron Pipe and Special Castings, 
for the latter committee to prepare text for the Manual on this topic. 

Sub-Committee 7-D, Laying Cast Iron Pipe, E. G. Bradbury, 
Chairman. 

This Sub-Committee organized during the year and issued a pro- 
gram for work on its topic. 

Sub-Committee 7-E, Valves, Sluice Gates and Fire Hydrants, W. R. 
Conard, Chairman. 

This Committee organized during the year and prepared tentative 
specifications for valves. 

Sub-Committee 7-F, Service Connections and Meters, James E. Gib- 
son, Chairman. 

This Sub-Committee organized during the year, prepared and sent 
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out a five page questionnaire on Service Connections and Meters to 2 
over five hundred selected water superintendents i in the United States — 


Albert 8S. Hibbs, Chairman. 
other appointments made. 
Sub-Committee 7-H, Steel Standpipes and Elevated Tanks, L. 
Howson, Chairman. 
This Sub-Committee organized during the year and prepared ten- 4 4 om 
tative specifications for Steel Standpipes and Elevated Tanks. Mr. oe 
Howson presented this specification at the meeting at Youngstown, 
Ohio, in September of the Central States Section, where much valuable 
discussion was contributed. At or soon after the end of the year this — 
specification was in corrected form for letter ballot by the members 
of this Sub-Committee. 
Sub-Committee 7-J, Distribution Reservoirs, 


appointments made. etont bas 

Sub-Committee 7-K, Water Consumption. af hosdjens 

No appointments made. a.” 
Sub-Committee 7-L, Fire Prevention and Protection. 
_ No appointments made. quiemA 
Sub-Committee 7-M, Hydraulics of Distribution System, 


7 Committee No. 8, Cross Connections, E. Sherman Chase, Chairman. ta? 
Committee organized and preparation of program under way. 
Committee No. 9, Relations to Consumers and Public, Howard S. 
Morse, Chairman. 


This Committee organized the year and the has 


topics of vital interest to the tess work of this Committee. ae 
Committee No. 10, Valuation, Rate Making and Taxation, S.B. 
No other appointments made. — ni 
Committee No. 11, Office Management, Records and Accounting, D. C. 
Grobbel, Chairman. 
__No other appointments made. 
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Dis intendents and has prepared a summary of these replies on a set of ioe is 
li large drawings. The Sub-Committee is now carrying on an analysis ae . 
or of this summary so as to get the greatest possible value from this poe as 
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STANDING TECHNICAL COMMITTEES 


Standard Methods of Water Analysis, Jack J. Hinman, Jr,, 
Chairman. 
Mr. Hinman reports in a letter dated January 17, 1931, as follows: 
“Following the meeting in St. Louis and in accordance with the 
instructions developed there, an effort was made to secure definite 
preparation of the material to be submitted for consideration at the 
ne time of the meeting of the American Public Health Association late 
in October at Fort Worth. Material was prepared on the subject 
a oa? of the determination of phenols by Mr. John R. Baylis, of Chicago, 
s a and transmitted to the American Public Health Association through 
Dr. John F. Norton, Secretary of the Laboratory Committee. Dif- 
- ficulty was found with the method on account of the fact that, where 
= rather large quantities of phenols are present, the amount recovered 
_ during distillation is less in proportion than when smaller quantities 
are being worked with. This is important in connection with this 
method, because not all of the phenol is distilled over under optimum 
conditions and a factor has to be applied to the apparent result. The 


“Mr. R. C. Bardwell rewrote the material on the rapid examination 
of water for boiler purposes which appeared in the Journal of the 
_ American Water Works Association for August, 1925 (Volume 14, 
Pages 107-115). This material was circulated through Committee 
_ No. 1. and a number of suggestions were made. Thereupon the 
Chairman of the Committee rewrote the material and submitted to 
_ Mr. Bardwell for his approval which was given. The material was 
then submitted to Dr. Norton and received approval of the Laboratory 
Committee of the American Public Health Association. The material 
_ will probably appear as written in the forthcoming edition of Standard 
Methods of Water Analysis. 
_ “The procedure for the use of brilliant green lactose peptone bile in 
the examination of organisms of the colon group was undertaken by 
_ Mr. Harry E. Jordan, who has been prominently connected with this 
_ work in the activities of Committee No. 1. This material was aiso 
circulated through Committee No. 1. and some errors were detected. 
‘These were corrected and the material was submitted to the American 
Public Health Organization. The material was approved except 


fi 
method is therefore being re-worked. 
‘ 
‘ 


-YOL. 23, NO. 7| WATER WORKS 


insofar as interpretation of the results was concerned. It is held 7 
that the book, Standard Methods of Water Analysis, is not expected Ee = 
to go into matters relating to interpretation of results, but is limited eS 
to the presentation of approved procedures. a 
“The determination of hydrogen sulfide in waters and sewages is _ 
not in satisfactory condition and, on that account, investigations — 
have been made on the use of the antimony tartrate method for the 
determination of hydrogen sulfide. The work has largely been con- = 
ducted by Mr. Harry E. Johnson, Chemist in Charge, Sewage Works, — 
Flint, Michigan, in cooperation with others who have assisted our 4 
Field Representative, Mr. Linn H. Enslow, in this type of work. a 2g Be: 
Difficulty was experienced from the flocculation of the antimony sulfide. 4 
Consequently the Chairman of the Committee suggested the use of * oar) 
gelatine as a protective colloid. This has given fairly satisfactory a pe 
results. When the matter was broached at the meeting of the Ameri- ena 
can Public Health Association it was felt that this should be post-_ ents 
poned for a time on account of the fact that the Federation of Sewage a : 
Works Associations is anxious to cooperate or initiate on its own a 
new set of procedures for use in the examination of sewage and sewage 
plant effluents. It is hoped that activity on this determination will  __ 
go forward promptly. Mr. Enslow has recently prepared mimeo- =~ 
graphed directions for the use of the method as it now stands and * 2 
these are being circulated through a group of sewage works analysts oe 4 
who may be expected to give the method proper study. ee 
“Some time ago Dr. A. M. Buswell called the Chairman’s attention ae 
to the fact that the colorimetric standards for the determination of Zn 
iron were not satisfactorily worked out at the present time. Pro- 
cedures originating with Dr. D. D. Jackson, of Columbia University, — 
have apparently been altered in the course of succeeding editions of 7 
the Standard Methods. Accordingly, with the assistance of one of | 
his students, the Chairman has undertaken to review and rework the 
determination of iron. A paper on this subject detailing a part of the Ma ae 
investigation was read at the meeting of the Missouri Valley Section 
of the American Water Works Association in November. Only 
abstracts of the paper could be read, however. Subsequent work E 
on interfering irons has been conducted and will be reported in oe 
due time. 
“Tt has been found that adjusting the hydrogen ion concentration J 
of the liquid in which the color of ferric thiocyanate is developed allows _ ve 
a much darker color to be produced with the same quantity of iron es ae ae 
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minimum flows and this, too, has resulted in large amounts of labora- 
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when compared with the standards prepared by the original procedure, 
This seems desirable, as it should make it easier to detect minute 
quantities of the metal. Trials outside of the laboratory at lowa City 
have indicated that satisfactory results are to be obtained by others 
with this method. Further trial, however, is necessary before 
definitely recommending the procedure for inclusion in Standard 
Methods. 

“Mr. Lewis I. Birdsall, a Field Representative of our Committee, 
has also been collecting procedures for the examination of aluminum 
sulfate and other chemicals which have been used in the treatment of 
water. Just what use will be made of this material in connection 
with the forthcoming edition of Standard Methods remains to be 
developed. 

“Committee No. 1. has been much interested in the Noble cyanide 
citrate agar which was developed at the City Board of Health of 
Chicago. Investigations of the material are under way at a number 
of laboratories, including that under the supervision of the Chairman 
of Committee No.1. It is hoped that the medium may be made more 
suitable to less completely equipped laboratories in the future. Un- 
fortunately, developments in connection with the City Board of Health 
in Chicago have caused the discontinuance of research work on this 
important medium. It is hoped, however, that the work may be 
continued again before long. 

“The report of Committee No. 1 as prepared and read at the 
meeting in St. Louis needed extensive revision. Complete agree- 
ment as to this matter has not been reached by Committee No. 1 
as a whole. Consequently the matter has been delayed somewhat. 
Much of the delay has been due to the fact that the Chairman of the 
Committee has been working under considerable disadvantage dur- 
ing the summer, fall, and early winter. It is hoped that considerably 
more progress may be made within the next month or two. 

“Water laboratories in general, and especially throughout the 


middle west, have been very much over-burdened during the summer 
and fall of 1930. This has been due to the hot, dry summer, the low 
precipitation, and the consequent fear of many individuals and water 


departments about their water supplies. This fear, which was fully 


justified in many cases, has resulted in large numbers of examinations 


being demanded. The low water in many streams has afforded an 
exceptionally favorable condition for studies on streams undergoing 
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tory work. The load on the laboratory under the supervision of the 
Chairman has been practically three-fold that normally met at the 
corresponding time of year. 

“The Chairman of Committee No. 1. has no suggestions to make 
at this time concerning alterations of personnel. Perhaps such 
alterations of personnel may be desirable before the meeting in 

Pittsburgh in May.” 


REPRESENTATIVES ON AMERICAN COMMITTEE ON ELECTROLYSIS 


Mr. Charles F. Meyerherm reports in a letter dated January 2, 
1931 as follows: 
“Replying to your inquiry of December 30, I would say that 


4 during the past year, the American Committee on Electrolysis has 


- been inactive. It has held no meetings and undertaken no work. 
“Regarding the activities of the Electrical Committee of the Na- 
tional Fire Protection Committee, | am not in position to report, 
because the Water Works Association has not been appointed to this 
committee. Representation on the Grounding Sub-Committee of 


the Electrical Committee has been offered to the Water Works As- 


- sociation, but this offer has not been accepted, pending the outcome 
of negotiations concerning active codperation between the National 


Electric Light Association and the American Water Works Association 


on Grounding and other related matters.” 


BOILER FEEDWATER STUDIES COMMITTEE, SHEPPARD T. POWELL, 
CHAIRMAN 


Mr. Powell reports in a statement dated October 20, 1930, as 
follows: 
The work of the Committee during the past year has not been active 
owing to the illness of the Chairman extending over a period of several 
months. 
Considerable data have been accumulated on the question of em- 
 brittlement, but up to the present time this has not been assembled. 
A number of failures have occurred in boilers operating with un- 
balanced waters, but no failures have come to the attention of the 
Committee where the ratios recommended by the Boiler Code Commit- 
tee have been maintained. 
One of the most serious difficulties that has come to the Committee’s 
attention is that developing at some stations as a result of carry-over 
of silica ae the boilers and depositing on the turbine blading. In 
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_ two plants this carry-over has been selective and the deposits con- 


of other salts. 

_ An effort is being made to have the U. S. Geological Survey study 
_ the condition under which various forms of silica occur in waters, 
since there is a dearth of information on this subject. This is a 
fruitful field of research and much can be done by the individual 
companies in studying the form in which silica is present in concen- 
trated boiler salines and in concentrated water in evaporators. 
Information collected this year clearly indicates the necessity for 


contamination of the evaporator condensate. Attention is directed 
to the necessity of pre-treatment of evaporator feedwater and the 
value of continuous blowing down. The data assembled indicate 
that pre-treatment and continuous blowing down of the evaporators 
_ warrants such treatment to improve the quality of the evaporator 
Water. 
_ The Committee is at the present time assembling data on the 
relative value and efficiency of the chlorination of condenser cooling 
water. This investigation includes the following: 
1. Relative value of direct and solution feed of chlorine. _ 
2. The influence of chlorine in accelerating corrosion. ~ Sia 
3. The effect of chlorine in graphitizing cast iron. 
4. The formation of copper chloride by chlorine treatment and 
a possible influence of this compound as a corrosion accel- 
erating agent. 
Consideration is also being given to the electrolytic process for the 
prevention of slime on condenser tubes. 

The Committee finds that there is a general trend towards the use 
of combination treatments such as partial chemical softening fol- 
lowed by zeolite treatment and pre-treatment of evaporator feeds. 
Both of these processes indicate that under special conditions the 
double treatment is warranted. 

The contacts made last year with foreign associations and engi- 
neers interested in boiler feed water treatment has resulted in se- 
curing a series of papers presented during the past year before As- 
sociations in America affiliated in the boiler feedwater studies. 

It is the desire of the Committee to submit during the coming year 
reports on the data assembled concerning evaporator operation, 
combination softening system, corrosion studies and recent develop- 
ments in prevention of embrittlement. = | 


a sisted very largely of silicon oxide with only a small contamination é 

= better control of evaporators and improvement in design to prevent 
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A further statement from Mr. Powell dated January 9, 1931 is 
as follows: 
“My attention has been drawn to the statement in the Progress _ aM 
Report of the Boiler Feed Water Studies Committee, 1929-1930 oa 
which appeared in the December 6th issue of the A.S.M.E. News _ 
Bulletin. The statement referred to is as follows: 


Data collected by the Committee this year indicate that 
there is a general trend towards the use of combination 
treatments such as partial chemical softening followed by 
zeolite treatment and pre-treatment of evaporator feeds. 
Both of these processes indicate that under special conditions 
the double treatment is warranted! 


“The statement in question was inserted in the report to indicate = 
that consideration was being given, in the design of boiler feed water 
systems in specific instances, to the value of combination treatment — 
generally and was not intended to convey the idea that numbers of ie i 
such systems had been designed and constructed in this country. eo | 
In fairness to manufacturers of various types of systems, there should Ome 
be included in this list, combination systems consisting of chemical a 
softening by either hot or cold lime soda processes in conjunction 
with phosphates, sodium aluminate and other chemicals which have } 
proven advantageous in specific instances. These latter processes 
have been so widely used that it did not appear to the writer to be _ 
necessary to mention them specifically.” 


ts 


REPRESENTATIVES ON COMMITTEES OF THE AMERICAN STANDARDS 


x - A-21, Cast Iron Pipe and Special Castings. 

This Sectional Committee has 37 members including 5 iil 
tives from the American Water Works Association who are T. H. 
Wiggin, General Chairman of the Committee, F. A. Barbour, W. W. 
Brush, W. C. Hawley, and E. E. Wall. A. V. Ruggles acts as Execu- 
tive Assistant to the Chairman. 

A previous report of the work of this Sectional Committee is given 
on page 649 of the May, 1930 Journal of the A. W. W. A. During 
1930 work was completed on programs so far adopted for — on 
cast iron pipe and fittings at three universities as follows. : 


At the University of Illinois under the direction of Pro- a 
fessor M. L. Enger strength tests were made on 6 and 20 inch a 
cast pipe and on 6 and 12 inch tees, crosses, quarter bends 
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and wyes. These tests have added valuable and needed 
knowledge on the strength properties of pipe and fittings and 
in the ease of the latter are showing how slight changes in 
the dimensions at important points will contribute a material 
in strength. 

At Iowa State College under the direction of Mr. W. J. 
dint ‘Schlick, Drainage Engineer, trench load tests were com- 
eit pleted on 20 inch pit cast pipe. Some of these tests are 
Sa made with no internal water pressure and others with in- 
- ternal water pressure running up to about 1400 pounds per 
square inch. The reports on these tests offer a method of 
ee determining the allowable supporting strength of cast iron 
pipe subjected to internal water pressure and present average 
strength ratios for determining the supporting strengths 
=a with different pipe-laying conditions. 

At Cornell University, under the direction of Professor 
EK. W. Schoder, tests were completed on friction loss through 
6 and 12 inch eighth bends, quarterbends, tees and crosses. 
These tests have been made with entry velocities varying from 
3 to 10 feet per second and the fittings tested have been of 
two kinds, American Water Works Association standard 
fittings and others of shorter dimensions which the committee 
has under consideration. These tests are bringing out the 
effects on friction loss of the radius of curvature of the inside 
corners of tees and crosses as this inside radius is six inches 
in the case of American Water Works Association fittings and 
two and a half inches in the short fittings. Some other 
fittings have also been tested with one inch radius at these 
inside corners and still others with sharp intersections such as 
are found in fittings used for steam. 


Tests on organic coatings and linings were made at the shops of 
the American Cast Iron Pipe Company at Birmingham, Ala., under 
the direction of Mr. 8S. R. Church, Chairman of Sub-Committee 3-B 
on Organic Coatings. 

Tests in service of cement lined pipes were inaugurated at the 
works of the Birmingham Water Company, Birmingham, Ala., 
by Mr. E. O. Sweet, Superintendent of Water of that Company 
and Chairman of Sub-Committee 3-C on Inorganic Coatings and 
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Be ae Sub-Committee 3-C, E. O. Sweet, Chairman, also adopted tenta- 


tive specifications for Cement Linings for Cast Lron Pipe and for- 
warded them to Technical Committee 3 on Corrosion and Coatings 
for its consideration. 

The comprehensive program of tests of various kinds being car- 
ried through by this Sectional Committee results in a great deal of 
new information on the properties of pipe and fittings, upon which 
revisions of existing specifications will be based, and all of which 
is now being carefully studied and analyzed by the three main Tech- 
nical Committees and the fourteen sub-committees the 


A-35, Manhole Frames and F. A. Marston, 
of the A. W. W. A. reports as follows in a letter dated January 6, 1931 £ 
“During the year 1930 the Sectional Committee on Manhole — 
Frames and Covers, A-35, has had in preparation specifications for 
materials to be used in the fabrication of manhole frames and covers s 
and has also been preparing a complete set of plans showing the __ 
proposed standard designs for such castings. ve 

“T understand that this material will be completed in preliminary _ ; 
form within a few weeks and will then be sent out to the members _ Key 
of the committee, to manufacturers and to users, to get suggestions — - 
and comments. Real progress is being made with the — 
that the proposed designs may be prepared as standards for etait 
in the near future.” 

*4-40, Plumbing Equipment, W. C. Groeniger, Chairman. W.S. | 
L. Cleverdon, Representative of A. W. W. A. fa. oe 

At the time of the organization of the Sectional Committee on = 
Standardization of Plumbing Equipment in August, 1928, six Sub- 
Committees were paroneet This spring it was found desirable 
Copper Water Tube Fittings (No. 7 ‘and Cast Iron Soil Pipe and a i 
fittings (No. 8). The work of organizing these two Committees and ee Ks on 
the Subgroup on Cast Iron Traps has been carried on during the ae 
spring and summer with the result that meetings of all three willbe : 
held very shortly. ode 

Sub-Committees: No. 1 on Plumbing Code, No. 2 on Staple | 
Vitreous Chinal Plumbing Fixtures, No. 3 on Staple Porcelain (All ae ‘ 


* Taken from Annual Reports of A. S. M. E. Technical Committees of 1930 au = 
by permission of American Society of anical Engineers. 
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Clay) Plumbing Fixtures, and No. 4 on Enameled Sanitary Ware 
have the same personnel as the Standing Committees on the same 
subjects organized by the U. 8. Department of Commerce. 

Sub-Committee No. 5 on Traps. A. R. MeGonegal, Chairman, 

The organization meeting of the Sub-Committee on Traps was held 
in January, 1930. At that meeting the necessity for the appointment 
of Subgroups to develop the proposals for traps in the following seven 
classes was made evident: Brass lavatories and sinks; brass; cast 
iron; lead; vitreous china; miscellaneous traps; interceptors and catch 
basins. The subgroup on Brass Lavatories and Sink Traps met in 
New York on March 18. The other Subgroups, while not com- 
pleting their proposals, have reported progress. 

Sub-Committee No. 6 on Brass Plumbing Products, J. L. Murphy, 
Chairman. 

The Subgroup on Compression Cocks, Washer Screws, Faucets, 
and Tail Piece parts has sent copies of its recommendations, based 
on the replies to its questionnaire to manufacturers, to the members 
of the Sub-Committee for comment. 

Sub-Committee No. 7 on Copper Water Tube Fittings. The pro- 
posal on Brass Fittings for Flared Copper Tubes is the first of the 
Sectional Committee’s proposals to be set in type. Copies will 
shortly be distributed for general criticism and comment. 

*B-2, Pipe Threads, E. M. Herr, Chairman. R. D. Hall and W. 
W. Brush, Representatives of A. W. W. A. 

Within the twelve months of the past year two of the Sub-Com- 
mittees of the Sectional Committee on Pipe Threads held meetings. 
The progress made at these meetings is recorded in the following 
paragraphs. 

Sub-Committee on Taper Pipe Threads. 8S. B. Terry, Chairman. 
In April, 1930, this Sub-Committee held its first meeting. The re- 
lation between the A. P. I. Standard Line Pipe Thread and the 
American Standard was thoroughly discussed and a Subgroup was 
appointed to confer with the A. P. I. Committee in Chicago next 
November. Consideration was then given to the content and form 
of the American Standard pamphlet (B2-1919) and it was decided to 
make no change in the form of thread, taper, pitch, and terminology. 

Sub-Committee on Plumbers’ Threads. L. A. Cornelius, Chair- 
man. At its organization meeting in October, 1929, the Committee 


4 


7" * Taken from Annual Reports of A. S. M. E. Technical Committees of 1930 
_ by permission of American Society of Mechanical Engineers. 
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discussed at length the specifications for (1) picid Fine T hreads 
and (2) Corporation and Cutoff Cocks. Subgroups were then ap- 
pointed to develop the details of proposed standards for these two 
applications. 
The Sub-Committees on Straight Pipe Threads, Screw Threads 
for Rigid Conduit, and Threads for Thin Tubes have held meetings 
previously, and are awaiting the recommendations of the Sub-Com- 
mittee on Taper Pipe Threads before completing their proposals. 
—-—- *B-16 Pipe Flanges and Fittings, C. P. Bliss, Chairman. F. A. 
- Barbour, Representative of A. W. W. A. This year the Sectional 
Committee completed and approved two proposed American Stand- 
ards, namely, those for the 800 Lb. Hydraulic Cast Iron Pipe 
Flanges and Flanged Fittings and the 25 Lb. Cast Iron Pipe Flanges 


and Flanged Fittings. The Chairman reports satisfactory progress 
by the several sub-committees. 
Sub-committee No. 1 on Cast Iron Flanges and Flanged Fittings. 
A. M. Houser, Chairman. This Committee completed during the 
year the proposed 800 Lb. Hydraulic Standard which in November, 
1929, was approved by the Sectional Committee and subsequently 
- submitted to the three Sponsors. The Heating and Piping Contrac- 
tors National Association and the A. 8. M. E. gave their respective 
approvals in January. The approval of the Manufacturers Standard- 
- jzation Society of the Valve and Fittings Industry, however, was 
_ given conditionally pending changes in the Section pertaining to 
Markings and Materials. 
oe The standard for 25 Lb. Cast Iron Pipe Flanges and Flanged 
Fittings as proposed by this Sub-committee was approved by the 
Sectional Committee and the Sponsors. In September it was sub- 
mitted to the A. S. A. for approval and designation as an American 
The proposed standard for Ammonia Fittings was completed by 
aa the manufacturers’ subgroup of this Sub-committee in May. It will 
k 2 be discussed at a meeting of the Refrigerating Machinery Association 
“6 to be held at St. Louis in October. 

Sub-committee No. 2 on Screwed Fittings. 8. G. Flagg, Jr., 
Chairman. This Committee has approved for general distribution 
to industry for review and comment a proposed standard for Pipe 
Plugs of Cast Iron, Malleable Iron, Cast Steel, and Forged Steel. 
This canvass of industry will be completed early in October. 


* Taken from Annual Reports of A. 8. M. E. Technical 1930 
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els Sub-committee No. 3 on Steel Flanges and Flanged Fittings. ©, 
-_-P. Bliss, Chairman. In December, 1929, this Sub-committee sent 
out a questionnaire concerning the performance of companion flanges 
and flanged equipment made to the dimensions of the American 
Tentative Standard for Steel Pipe Flanges and Flanged Fittings, 
- Based on the replies received certain revisions were made in the 
_ Committee’s original proposal for companion flanges. This revised 
draft, now in proof form, will be discussed at the October meeting 
of the Sub-committee. In addition a proposed Standard for Steel 
Base-Fittings for 250, 400, 600, and 900 Pounds per Square Inch has 
7 been completed by the Sub-committee and is to be distributed im- 
mediately to industry for comment. 
_ The Sub-committee’s new proposals for 120, 150, and 1500 Lb. 
- Steel Pipe Flanges and Flanged Fittings are to be discussed at the 
October meetings. 
_ §$Sub-committee No. 5 on Face to Face Dimensions of Ferrous 
_ Flanged Valves. F. H. Morehead, Chairman. The work of this 
_ §ub-committee is progressing slowly. The M.S.S. V. F. I. recently 
¥ requested that the Committee exclude from its scope for the present 
the standardization of face to face dimensions of valves rated at 
_ 150 pounds and 400 pounds W.S.P. 
_ Sub-committee No. 6 on Malleable Iron or Steel Brass Seat Unions. 
_ C.P. Bliss, Temporary Chairman. The manufacturers’ subgroup of 
this Sub-Committee has held three meetings during the past year 
and considerable progress has been made in collaboration with the 
A.R.A. Sub-committee on Locomotive Design and Construction, 
toward formulating a proposed American Standard for 300 Lb. 
Ground Joint Unions and Combination Union Fittings. This pro- 
posal will soon be released by the Subgroup, at which time it will 
be set in type for consideration by the Sub-committee and industry 
in general. 
Sub-committee No. 8 on Marking of Pipe Fittings. W.S. Morrison, 
- Chairman. This Sub-committee sent out a questionnaire in De- 


and how they should be applied. To this a very fair response was 
received a great of One of the spon- 


oa = whether or not markings were necessary, could be put on the fittings, 


a : S Sub-committee No. 4 on Materials and Stresses, A. M. Houser, Chair 
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aa cember, 1929, in order to obtain an expression from industry as to 
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bs man, and Sub-committee No. 7 on Rating of Pipe Fittings, H. C. 
nt Heaton, Chairman. No specific progress has been reported. ; 
ag *B-26, Screw Threads for Hose Couplings, H. W. Bearce, Chairman, _ 
in D. F. O’Brien, Representative of A. W. W. A. i 
3, The Sectional Committee met in July, 1930, to review and dis- __ 
le cuss the draft of the proposed standard for Small Hose Coupling 
d Screw Threads for All Connections having Nominal Inside Diameters 
2 of 4, 3, 3, 1, 14, 12 and 2 inches, which had been drafted by a 
a] Sub-committee. Based on the discussion at this meeting a revised 
8 draft of the proposal was prepared. This is being set in type for __ 
\- distribution for criticism and comment prior to further action by the 
| Sectional Committee. 
), *B-31, Code for Pressure Piping, E. B. Ricketts, Chairman. F.N. 
e Speller, Representative of A. W. W. A. ee 
The Sectional Committee has held two meetings during the past _ 
6 year, one at New York in December, 1929, the other at Detroit in 
8 June, 1930. At both of these meetings the progress reports of the 
y several Sub-committees were submitted and discussed at length. 
t Sub-committee on Power Piping. J. H. Lawrence, Chairman. 
t The Sub-committee has been actively engaged in the revision of the __ 
previous draft of the Power Piping section of the Code and the re- | 
: drafted portions were discussed at two meetings, one held at New 
f York in December, 1929, and the other at Detroit in June, 1930. 
r While considerable progress has been made, this section is not, as 
yet, in final form. 
; Sub-committee on Gas and Air Piping. A. Iddles, Chairman. — 
: The work of this Sub-committee has progressed to a point where its => 
; section of the Code is in final form except for possible changes which é 5 ei 
| may be made necessary as a result of requests from the natural-gas 
, industry. It is expected that a final draft will be completed before e ies 
the meeting of the Sectional Committee in December, 1930. = 
Sub-committee on Refrigerating Piping. A. H. Baer, Chairman. | oa 
The Sub-committee has experienced considerable difficulty in drafting 
the section on refrigerating piping, but has recently reported that it a 
, expects to release its first proposal for general distribution in the _ i 
near future. age 


Sub-committee on Oil Piping. A. D.Sanderson, Chairman. Some 
slight modifications have been made during the past year in this 


* Taken from Annual Reports of A. 8. M. E. Technical Committees of 1930 aN iz 
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section “ ani Code and these, including a section for higher tem- 
perature and pressures and some modifications in the cast-iron- 
pipe requirements, were discussed at a meeting held at Detroit in 
June, 1930. 

Sub-committee on Piping Materials, F. H. Morehead, Chairman, 
The first meeting of this Sub-committee since its organization was 
held at Detroit in June, 1930. It was decided there that the Com- 
mittee should abandon the plan of abstracting specifications and 
should report in their entirety all specifications for materials applie- 
able to pressure piping. Progress in gathering these data has been 
reported since the meeting. 

Sub-Committee on Fabrication Details. C.G. Spencer, Chairman. 
A meeting of this Sub-committee was held in June at Detroit and the 
progress made by the various Subgroups was discussed, considerable 
time being given to welding and the qualifications of welders. In 
June, after the Detroit meeting, a draft proposal on Fabrication of 
Hangers, Supports, Anchors, Sway Bracing, and Vibration Dampeners 
was sent to all members of the Sub-committees and Sectional Com- 
mittee for consideration and criticism. The Subgroup on Joints 
Other than Welded distributed a questionnaire to industry during 
the summer and replies will be discussed at the next meeting. 

*B-36, Wrought Iron and Wrought Steel Pipe and Tubing, H. H. 
Morgan, Chairman. F. N. Speller, Representative of A. W. W. A. 

In June, 1930, the Sectional Committee met in Detroit to consider 
the formula for calculating nominal pipe-wall thickness as developed 
by the Subgroup on Basic Formulas and proposed jointly by Sub- 
committees Nos. 2 and 3. The formula, which had been evolved as 
a modification of the Barlow Formula and favored by the A. S. M. E. 
Boiler Code Committee, seemed to meet the requirements of pipe- 
wall thickness calculations, so was approved at this meeting subject 
to vote by letter ballot. It was recommended that, as the next step, 
tentative wall-thickness schedules based on this formula should be 
prepared and referred to Sub-committees Nos. 2 and 3. 

Sub-committee on Plan, Scope, and Editing. H. H. Morgan, 
Chairman. This Sub-committee met in Detroit in March and in 
June, 1930, for an advance discussion of the problems before the 
Sectional Committee and to plan for the development of this project. 
Sub-committee on Pipe and Tubing for Low Temperature Service. 
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J. J. Shuman, Chairman, and Sub-committee on » Pipe and Tubing for oe 
High Temperature Service, H. H. Murray, Chairman. A joint a 


the Sectional Committee meeting. The two Sub-committees ap- 
proved the formula for pipe-wall thickness and recommended its _ 
submission to the Sectional Committee for approval. Upon the _ 
approval of this formula by the Sectional Committee the two Sub- | 
committees began the preparation of schedules of pipe and tubing © 
sizes and weights covering the ranges needed by industry. Sone 
G-8 Work under way. R.C.Ewry and R.S. Dean, Representatives _ 
of the A. W. W. A. | 


sentative of American Water Works Association. 
A meeting was held in New York December 4, 1930 at which prog- 


its Executive Committee. any. 


FranNK A. BARBOUR, 
K. BLANCHARD, 


W. CRAMER, 


ARTHUR E. GORMAN, 
Grorce W. Pracy, 
A. U. SANDERSON, 
ABEL WOLMAN, 


A. V. Secretary. 


meeting of these two Sub-committees was held on June 10 prior to _ ee 


Mechanical Standards Advisory Council—A. V. Ruggles, Repre- a | 


ress was made toward completing organization of this Council and bie 


Committee on Water Works Practice: | 
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ee BOCA RATON WATER TREATMENT PLANT! 
By H. 8. R. McCurpy? 


The town of Boca Raton, located on the Florida east coast about 25 
miles south of Palm Beach, has recently constructed a plant fulfilling 
the most rigid requirements as to pure, soft water. Situated in a 
region where the available waters are very hard, high in iron and color 
and offensive to the smell, the continued use of untreated water did 
nét appeal to the progressive element in the town. Despite its 
agricultural promise, the fact remains that, for the present at least, 
a large proportion of the state of Florida is dependent for its pros- 
perity upon winter visitors. This is particularly true at Boca Raton, 
with the establishment of the Boca Raton Club, conceived upon a 
large scale and counting in its membership only those who are satis- 
fied with nothing but the best. 

The geological formation of this portion of Florida consists princi- 
pally of sand, underlaid, at various depths, with a porous coral rock, 
This rock is frequently interstratified with layers of sand, but once 
bed rock is reached, a generous supply of water can generally be 
depended upon. 

It is from this coral rock formation that Boca Raton secures its 
supply. The plant is located west of the Dixie Highway, where the 
rock formation lies about 80 to 100 feet below the ground surface, in 
the form of a ridge deposited at the time when this was an ancient 
shore line. 

The Boca Raton plant is constructed for an immediate capacity of 
500,000 gallons per day, arranged with a view to increasing to 
1,000,000 gallons per day by the simple expedient of adding two filter 
units. The mixing tank, coagulating basin and recarbonating basin 
are sufficiently large to accommodate this increase in capacity when 
and if it should be made. In common with all water supplies in this 
part of the eountry, a peak load is maintained for three months out 
of the year, with the plant idling along at a very much reduced rate 


1 Presented before the Florida Section meeting, April 11, 1930. 
2 Chief — Philadelphia Suburban Water Company, Bryn Mawr, Pa. 
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for nine months. Water is aerated, coagulated and softened, re- 
carbonated and filtered. 

Two 10-inch driven wells, about 400 feet apart, were sunk to ledge 
rock and the casing firmly seated in the rock to prevent the entrance 
of sand. The coral rock is sufficiently soft to allow this to be done by 
ordinary well drilling methods without injuring the casing. Water 
stands in the well about 11 feet below the ground surface, or 3 feet 
above sea level. Under a draft of 500 gallons per minute the draw- 
down in a 10-inch well amounts to about 7 feet. The elevation of 


1. Boca Raton Water Prant 


order to keep the total suction lift below 18 feet, the pumps were © 
placed at an elevation below the surface of the ground. i" 

Pumping equipment consists of two low and two high lift centrif- — i 
ugal pumps, electrically operated, and one gas-driven cent — fs 
pump for emergency use. Each of the electrically driven pumps has a 
capacity of 350 gallons per minute and the gas-driven pumpacapacity __ 
of 750 gallons per minute. * 

Power is from the Florida Power and Light Company transmission 
line in the street in front of the plant and is 3-phase, 60-cycle, stepped 
down at the plant to 220 volts. 

The low lift pumps operate against a head of 31 feet, taking suction 
directly from the wells and delivering water over the aerator. These — 
pumps are driven by 7.5 h.p. squirrel cage induction motors at 1750 = 


VOL. 23, NO. 7] BOCA RATON WATER TREATMENT PLANT 1035 

= 

ing 

1a the water in the casing permits pumping by direct suction, but in ~~ 

he 4 

nt 

of 

to 

in 

‘is 

at 

te 


r.p.m. Each pump has a capacity equal to the nominal capacity of 
the plant as at present constructed. They are located at each of the 
two wells, one of which is sufficiently close to the pumping station 
to allow the pump to be housed in the main building, while the 
other is in a small pump house at the second well, 400 feet distant. 


DESCRIPTION OF PLANT 


Owing to the fact that the raw water is high in iron and contains 4 


CO. and other gases in offensive quantities, aeration is necessary, 
The aerator consists of a steel angle weir, 11 feet long, over which 
the water cascades onto two steel plates arranged in steps to give the 
maximum splash effect. The head consumed in aeration is 2 feet. 

The water passing the aerator falls into a concrete mixing tank, 11 
feet square and 12 feet deep, allowing a thirty-minute mixing period. 
This time is somewhat longer than is necessary, but it should be 
remembered that the plant is designed for an ultimate capacity of 
1,000,000 gallons per day. 

Agitation in the mixing tank is caused by means of a Dorr impeller 
agitator, consisting of a propeller blade mounted on the bottom of a 
vertical shaft revolving at a rate of 26 r.p.m. within a concrete cylin- 
der open at the top and the bottom, all within the square mixing tank. 
The action of the propeller causes a vertical circulation of the water 
within the concrete cylinder and between the cylinder and the walls 
of the tank. The agitator is operated by a 3 h.p. motor attached to 
the top of the shaft. 

It is at the point where the water falling over the aerator enters the 
mixing tank that the chemicals are applied. Dry feed machines for 
lime and alum are mounted on the floor inside the building in such a 
position and at such an elevation that they can discharge into the 
mixing tank through very short discharge pipes. This feature was 
given emphasis in the lay-out of the plant, in order to eliminate the 
troublesome condition inevitably resulting from long discharge pipes 
carrying chemicals. The lime and alum are unloaded from trucks 
directly into a hand-operated elevator with a capacity of 2,500 
pounds, discharging the chemicals on the upper floor in close proxim- 
ity to the dry feed machines. In this way, manual labor in handling 
chemicals is reduced to a minimum. 

The mixing tank discharges into the coagulating basin through a 
reinforced concrete gullet around its outer edge. The coagulating 
basin is constructed of reinforced concrete 45 feet square and with a 
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Recarbonation 
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9-foot 6-inch side depth, providing about six nours’ venaiias? Wider 
enters the basin through horizontal slots along one entire side, 
distribution being further equalized by a wooden baffle in : ront of the 
slots. 
The bottom of the basin is slightly sloped inthe shape of aninverted © 
cone, with a discharge pipe for sludge at the apex. The coagulating _ es 
basin is equipped with a Dorreco Tractor Clarifier. This machine is st ; 
essentially a steel truss revolving about a central axis and fitted with ey eh 
scraper blades conforming to the contour of the bottom of the basin. _ 
The machine is driven by means of a 2 h.p. electric motor operating | ; 
tractor wheels on rails along the outside walls of the basin. The _ 
scraper blades passing over the bottom of the basin work the precipi- _ i 
tated sludge gradually to the center and into the discharge pipe. — 
The movement is naturally very slow, requiring twenty-two minutes _ 
for one revolution, a speed not sufficient to cause any turbidity 
through disturbance of the precipitated sludge. The gentle agitation 
of the water in the basin, caused by the movement of the clarifier, 
assists materially in the formation of a floc and in the precipitation re 
of the sludge. Pee 
The discharge pipe from the coagulating basin passes beneath the aie S 
floor to the suction of a No. 4 Dorrco Simplex Pressure pump located 
at ground level outside the basin. The sludge pump forces the sludge :. 
through a 4-inch C. I. pipe to a waste pile located in the lot behind — oe 
the pumping station at a distance of about 200 feet, where the | re 
water drains away through the sand. The operation of sludge re- 
moval is such that the amount of water wasted in the process is = 
insignificant. 
After coagulation, with its attendant softening, the water passes re 
over a weir extending along the opposite side of the basin from the in- @ a 
fluent slots, discharging into a concrete gullet leading into the _ ae ae 


a The carbonating basin is a concrete structure of sufficient size to — ie ; 
provide one hour retention at the present capacity of the plant. On = 
the bottom of this basin is a grillage consisting of a 2-inch inlet pipe aa az 
with 3-inch laterals on 2-foot spacing. The laterals are tapped with " 

;-inch holes on 2-foot centers for discharging the CO. gas. The 
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The CO, gas is generated in a Flinn and Dreffein magazine type hot 
water heater with combination scrubber and dryer. The scrubber 
and dryer consists of a steel tank lined with brick containing trays 
of broken -limestone and excelsior. The gases feed through the 
scrubber from the heater and are picked up by an air compressor and 
forced into the pipe grillage in the carbonating basin. Coke is used 
for fuel in the heater for generating the gas. 
After recarbonation, the water passes directly into the filters, 
These are of the rapid sand type, each unit designed for a capacity of 
270,000 gallons per day, figured at a rate of 2 gallons per square foot 
Filter equipment 
Filter equipment is the standard type of the Roberts Filter Manu- 
facturing Company. The piping is designed for four filters, sym- 
metrically arranged. At present only two of the filters are con- 
structed, the piping being blanked off on the opposite side. 
Collection of filtered water and distribution of wash water are by 
means of cast iron pipes upon the floor of the filter, consisting of an 
8-inch manifold with 2-inch laterals on 6-inch centers. The bottoms 
of the lateral pipes are bored for ;4-inch brass eyelets, 44 inches on 
centers and staggered each side of the vertical axis, the angle between 
holes being 45°. 
The filtering material consists of 18 inches of gravel and 27 inches 
of sand. The gravel is graded as follows: 


Bottom layer—6 inches, passing a screen having a 2-inch mesh and retained 
on 1-inch mesh. 

Second layer—5 inches, passing 1-inch mesh and retained on }-inch mesh. 
Third layer—4 inches, passing }-inch mesh and retained on }-inch mesh. 
Top layer—3 inches, passing }-inch mesh and retained on ;4-inch mesh. 


_ The sand was specified to be of an effective size between 0.38 and 0.45 
mm. and to have a uniformity coefficient not in excess of 1.65. 

_ Wash troughs are of cast iron with the lip 2 feet above the sand, the 
_ freeboard over the troughs being 1 foot 9 inches. Water for washing 
filters is obtained directly from the pressure main between the stand- 
_ pipe and the street through a 6-inch cast iron pipe, being reduced 
- to working pressure by means of a Ross regulating valve. Filter 
_ wash is carried off in a 12-inch cast iron pipe and discharged in the 
- same waste area as the sludge from the coagulating basin. The filters 
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are equipped with the customary Venturi automatic type rate con- 
trollers and with indicating loss of head and rate of flow gauges. 
All valves are manually operated. 

Directly beneath the filters, and extending below ground outside the 
building, is a reinforced concrete clear well receiving the filtered 
water. The capacity of this well is 65,000 gallons. 

In the rear of the pumping station is an elevated tank 136 feet 
high holding in excess of 100,000 gallons. 

From the clear well, water is picked up by the high lift pumps 
operating under a maximum head of 146 feet. These pumps are 
driven by 25 horse power squirrel cage induction motors at 1750 
revolutions per minute and deliver directly into the main in the street __ 


boo TABLE 1 it of of 
Analyses of Boca Raton water if 


Results in p.p.m. 


CHARACTERISTIC RAW FILTERED 
Incrustant 12.0 12.0 


infront of the plant. The standpipe floats on the line and is con- 
nected to this main by means of an 8-inch cast iron pipe. 

Analyses of the raw and of the treated water are shown in table 1. 

Softening is effected by the use of 6.7 grains of lime and 0.6 grain 
of alum, per gallon. The reactions in the coagulating basin are com- 
plete to the extent that the filters are called upon to do very little 
work. It will be seen that the hardness is reduced to 44 p.p.m. and 
that the iron is entirely eliminated, with the result that a clear, 
sparkling, soft water, which will not stain the plumbing fixtures, is 
delivered to the consumers. Recarbonation is carried to the point 
where the chemical reactions are stabilized. Otherwise there would 
be danger of coating the sand grains in the filters and leaving objec- 
tionable deposits in the distribution system and in household piping. 
The various substructures are of reinforced concrete. The super- 


A. RATON WATER TREATMENT PLANT 1039 ea Nae 
0 
er 
ys 
Br 
d 
8. 
of 

1- 

n 
n 

n 
| 

1S 
4 

~ 

5 


H. 8S. R. MCCURDY 


structure is constructed with reinforced concrete pilasters with vitri- 
fied tile blocks between and with an outside finish of cement stucco, 
The second floor and the roof are also of reinforced concrete, the 
whole being tied together as a precaution against damage from 
hurricane. 


COST 


Tee Sie The cost of the plant was $55,000.00. This does not include, how- 
ioe ever, the standpipe and one well which were already on the ground, 
A careful routing of the water through the various operations with 
a view to shortening lines of travel as much as possible resulted in a 
very compact plant and aided materially in keeping down the cost, 
One man is sufficient to operate the plant. In fact, he has time also 
to make repairs to the distribution system, read meters and perform 
other miscellaneous duties. The storage in the standpipe is sufficient 
to permit the supply to be operated on a one-shift basis for nine 
months of the year. During the winter peak, however, two shifts 
are necessary. 

The Boca Raton plant was designed, under the supervision of the 
writer, by Wm. H. Crawford of Bryn Mawr, Pa. Crosby Tappan 
of Boca Raton, Fla., was the engineer in charge uf construction and 

a acted in a consulting capacity on the operation of the plant. 


= 
| 
‘ 
( 
‘ 
| 
~ ‘ 
{ 
‘ 
‘ 


Director, Division of Sanitary Engineering, 8S. D. 


SOUTH DAKOTA WATER SUPPLIES' 


By W. W. Towne? 
South Dakota has in the past derived its water supply chiefly it 
from underground sources and only in recent years has there been a — 3. 
tendency toward the development of surface water supplies. This oy a a 
may be attributed to the fact that South Dakota is chiefly an agricul- _ ee 
tural and grazing state with very few cities and only in the last few 
years has there been any industrial development resulting in the Wey 
growth of these cities. ty” 
Generally speaking the underground waters of South Dakota can > 
be developed to produce a sufficient supply for small cities and as 
there is only one city in South Dakota having a population exceeding __ 
30,000 there has been little necessity in the majority of instances for 
cities to change from underground to surface sources to obtain a io =e 


sufficient quantity of water. 


South Dakota is also favorably located with respect to water- to ie 
bearing formations in that the Dakota sandstone underlies the entire == 
state and less extensive water-bearing strata are to be found in vari- | eee : a 
ous localities. The Dakota formation outcrops in the Black Hills ee a: 
of South Dakota at an elevation of 3,000 to 3,500 feet above sea level ry “a 
as well as along the eastern slope of the Rocky Mountains farther == 
west. From here it dips steeply to the east and outcrops again only _ 
at certain points in the extreme southeastern part of the State at an fo i. 
elevation of 1,200 feet above sea level. Because these outcroppings =~ 
are at the higher elevations where the precipitation is relatively large _ a) Sea 
and due to the fact that the mountain streams cross these outcrop- ee 
pings, this formation collects a large amount of water. In many  — 
instances these streams are but little more than half as large after pes 3 : 
flowing through the outcroppings. The formation variesfrom afew 
feet in thickness to several hundred feet in certain localities, being ve es “a 


1 Presented before the Missouri Valley Section meeting, November 7, 1929. — he 
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bottom and throughout the eastern half of the State it lies from 309 
to 1,000 feet below the surface of the ground. 

The Dakota sandstone lies upon the Sioux quartzite and is over. 

lain with an impervious shale thus making it an excellent storage 

reservoir. There are a few places within the State where the under. 
lying quartzite pierces through the strata of sandstone. These 
places only occur, however, in a very few localities and the areas not 
underlain with Dakota sandstone are very small. Due to the faet 
that the water enters the strata at high elevations and the formation 
is surrounded by an impervious material, it does not lose much of the 
water that is absorbed at the outcroppings. When this source was 
first tapped at lower elevations, the water would rise above the sur- 
face of the ground. Consequently many cities and towns through 
the State tapped this supply to obtain flowing wells. This has re- 
duced the head to such an extent that wells previously under a head 
of several feet now have to be pumped to produce a sufficient quantity 
of water. 

Besides the Dakota sandstone the other less extensive formations _ 
furnish an adequate supply in certain localities. Among these are % 
the Bennet sandstone found in the north central part of the State. 
This formation seems to be irregular, and disappears into the shales 
which surround it. In this same locality flowing wells have also 
been obtained by tapping some local sand deposit in the Pierre shale. 
These supplies depend upon local absorption of the rainfall and 
consequently fluctuate more than the wells in the Dakota sandstone. 

The chalk stone found in the Niobrara formation lying above the 
Dakota sandstone outcrops along the James River in the southem 
part of the State and this furnishes certain localities with ample 
water. This water does not rise to the surface of the ground, but 
at the outcroppings there are numerous springs. 

Besides the sources that necessitate the drilling of deep wells to 
obtain the water there are various sources from which water is ob- 
tained by shallow dug or bored wells. This type of well may be 
developed in local gravel deposits along the valleys of the Sioux and 
James Rivers and around the lakes in the northeastern part of the 
State. Some developments are found along various other streams 
including the Missouri River, but in general this stream carries so 
much silt that it seals its stream banks and there is not much seepage 

to supply the wells. 


_ te quite porous near the top and more dense and massive near the 
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‘water would still be unsatisfactory for domestic use as in many 
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water, the quality of this water from a mineral standpoint is very 
unsatisfactory, especially that of the deep artesian sources. The 
water in general is very hard, in many instances the permanent hard- 
ness being more than double the temporary hardness. 

These deep well waters contain very little magnesium carbonate, 
but are high in calcium carbonate and calcium and magnesium sul- 
phate. They also are high in sodium chlorides and sulphates and it 
is common to have the total solids content exceed 2,000 p.p.m. 

In many instances it would be nearly impossible to produce a 
satisfactory water by treating it with lime and soda ash. The cost 
of removing non-carbonate hardness is nearly five times that of re- 
moving carbonate hardness and only in very few instances would the 
removal of carbonate hardness alone warrant the expense and to 
remove both carbonate and non-carbonate hardness would be pro- 
hibitory from an economic standpoint. Even if this were done the 


instances the water aicady contains objectionable amounts of 
sodium and to increase the sodium content would render the water 
unsatisfactory. In a few !onalities there are some very soft waters, 
but are so high in sodium content as to be unfit for domestic use. 

Another objectionable mineral found to a large extent in the ground 
waters is iron. This occurs in large quantities more frequently in 
the shallower wells, but nearly all well water analyses show the 
presence of iron in more or less objectionable quantities. 

From a bacteriological standpoint the underground waters are 
remarkably free from contamination. However, the water is very 
hard on casings and some wells become contaminated by surface 
water entering through corroded casings. 

The surface water, sources of South Dakota are quite limited in 
their number and quantity. The Missouri River in crossing the 
State divides the State into almost equal areas east and west of this 
stream. It will of course furnish an abundant supply to any city 
located on its banks and a few cities so located are now deriving their 
water supply from this source. This stream is turbid at all seasons 
and carries a large amount of heavy silt. Consequently the life of 
raw water pumps is short and the raw water intakes often give 
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RAINFALL 


The area east of the river receives a fair amount of rainfall, the 
annual precipitation averaging about 20 inches. West of the river 
with the exception of the Black Hills the annual precipitation rarely 
exceeds 15 inches. As might be expected streams are few and small 
_ west of the Missouri River and are subject to a very small minimum 


TABLE 1 
Typical analytical results 


(Results in grains per gallon) 


River 
Sodium chloride...................... 7.50 | 1.47 | 23.25 | 9.96 
Sodium sulphate..................... 3.98 8.98 98.31 23.37 
Magnesium sulphate................. 16.91 7.58 8.92 
Calcium carbonate................... 9.38 11.25 5.39 12.83 
Tron and aluminum oxides............ 0.55 0.12 0.28 0.10 
Organic and volatile matter.......... 4.40 0.80 0.34 1.07. 
88.91 | 31.76 | 137.04 | 60.19 
24.10 6.31 3.02 7.19 
Magnesium oxide..................... 5.67 | 2.69 | 1.46 | 4.58 
Iron and aluminum oxides............ 0.55 0.12 0.28 
Total hardness calculated as CaCO;: 
ce Calcium oxide, CaCO ;.............. 43.00 | 11.25 5.39 12.83 
4 Magnesium oxide, CaCO;........... 14.07 6.69 3.63 11.36 
Total hardness, CaCO ;............... 57.07 17.94 9.02 24.19 


flow. The streams east of the river are also comparatively few 
and are not of sufficient size to furnish adequate water near their 
sources. The two streams of chief importance are the Sioux and 
James Rivers. These streams are very sluggish and their valleys 
are flat. To create any storage facilities would necessitate the flood- 
_ ing of large areas of land and then the reservoir would be so shallow 

that difficulties would no doubt be encountered in operating a filtra- 


4 
4) 


n plant. 


Tr 


Seasonal variation in Vermilion River mineral content ine 


Organic and volatile 0.97 8.23 


ie region is the vacation ground of thousands of tourists annually these 
supplies need careful attention to insure against dangerous pollution. 


e relatively large amounts of objectionable minerals. Probably the 


in solution than any other water supply source within the State. 
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SURFACE SOURCES 


In the northeastern part of the State are several lakes which will 
furnish ample water to cities located near these bodies of water. 
The streams in the Black Hills will supply ample water to all cities 
and towns located in that section of the State. At the present time, 
however, most of these cities obtain their water supply from springs 
near the head waters of the various streams. 

With the exception of this source, all surface waters require com- 
plete treatment including coagulation, sedimentation, filtration and 


OMT (Results in grains per gallon) 


CHARACTERISTIC SUMMER WINTER 


Total hardness calculated as CaCO;: ; 
Magnesium oxide, 4.73 23 .30 


chlorination to make them satisfactory for domestic use. For the 
present supplies in the Black Hills, chlorination is all that is needed 
to make them safe for domestic use and due to the fact that this 


From a mineral standpoint the streams of South Dakota contain 


Black Hills streams and springs contain lesser amounts of minerals 
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The other streams resemble the ground waters in that they are also 
relatively high in non-carbonate hardness and also contain sodium 
in solution. These minerals are found in smaller quantities than in 
the ground waters but in the winter these streams closely resemble 
the shallow wells in that vicinity in mineral content. Iron is also 
found in objectionable quantities in several streams. This objection 
is easily solved where treatment works are installed at practically 
no added expense. 

Some mineral analyses representative of the waters found in South 
Dakota are shown in table 1. The city water at Yankton was 
obtained from Dakota sandstone by a well, 632 feet deep. 
Yankton, however, completed the construction of a new water 

treatment plant obtaining its future water supply from the Missouri 
River. The analysis of the Missouri River at Yankton, which is a 
great improvement over the well water, is also shown in table 1. 

In table 2 analyses are given to show the difference in mineral 
content during the summer, when the Vermilion River is supplied 
_ by surface run off, and during the winter, when the river is fed by 

ground waters. 


The author wishes to thank Mr. Guy G. Frary, M.S., State Chem- 
ist, South Dakota State Chemical Laboratory for fartishinig the 
mineral analyses which are used in this paper. 
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EFF ICIENT WATER WORKS OPERATION AND THE PURI- 
FICATION LABORATORY! 


Justification, as such, of the expense of maintaining a purification __ 
department with the necessary bacteriologists and chemists is not 
required in any water works organization. From the humanitarian 
standpoint alone such supervision is required to protect the water _ 
consumers’ health regardless of costs. That the purification depart- 
ment, or chemist in charge, may be a good business proposition tying 
in with the general efficiency of the other water works operating de- 
partments, is, however, not so well understood; and it is with this 
phase of the purification department activities that this paper deals. 

With this in mind it is hardly necessary to mention that, while 
savings and methods of increasing efficiencies are stressed in this 
paper, the company with which the writers are connected places 
ahead of any possible reduction of costs or increased efficiency, the 
production of pure water.. Each of the companies supervised is re- 
quired to produce water meeting the bacterial standards of the 
United States Treasury Department standards for Inter-State 
Carriers. To properly supervise the purification at each plant, it has 
increased the personnel at its central and district laboratories, has 
increased the number of samples examined periodically, and has in 
practically every case raised the standards to be met. 

Next to the production of pure water, a purification department 
should attempt to judge its work as any technical or control depart- 
ment of a large chemical company would do. The production of 
water is a “heavy chemical’ undertaking, and as such requires not 
only the production of a salable product, but also production at the 
lowest cost consistent with high quality standards. Efficient chemical 


i 


1 Presented before the Water Purification Division, the St. Louis Conven- 
tion, June 5, 1930. 

*Superintendent of Purification, Community Water Service Company, 
New York, N. Y. 

‘Superintendent of Operation, Community Water Service Company, 
New York, N. Y. 


4 
~ 


048 MARTIN E. FLENTJE AND P. S. WILSON [J. A. W. W.A, 


production is always accompanied by close laboratory control, and 
considered in the light of a chemical industry, there is probably no 
other industry of like size and with like volume in which so little 
technical control exists as in the supply of water. This is not as true 
as it was, but our experience in operating a number of plants under 
central control, indicates there is still considerable room for improve- 
ment. Production of the sole commodity of a water company is 
far too often left to experienced, but not necessarily trained men, or 
when supervision is provided it stops far short of this ‘‘ business’’ side 
of the problem, and what would ordinarily be provided in a chemica 


COST OF PURIFICATION CONTROL 


Hig In a pamphlet published by Wallace and Tiernan Company, J. 
A. Tobey, makes the statement: ‘‘The review of the score or so of 
court decisions on the liability for typhoid is convincing proof that, 
entirely apart from the humanitarian aspects involved, it is poor 
business for a corporation of any kind to neglect such an important 
matter as the safeguarding of the water it dispenses.’”’ To see just 
how ‘‘good business”’ it is, we have attempted to compare the cost of 
purification control with similar protection against possible losses, as 
for instance fire insurance. The average premium fire insurance rate : 
for 1929 was 89 cents per $100, with a burning ratio, computed on the 
amount of losses paid and the amount of risk, without regard to the 
premiums received, of 0.41. It is practically impossible to compute 
a similar ratio for possible losses to a water company if an epidemic i 
resulted through negligence or lack of proper supervision. The com- 
parison of such figures with the cost of protection against possible 
losses from water borne epidemics, involving as it did the lack of 
definite damages, incomplete health records, etc., turned out to be 
a much longer job than anticipated and was therefore not completed. 
The average water department or company can, on a comparative 
basis alone, afford, however, to spend considerably more than it does 
_ in improved purification control. 


The preparation of water for filtration presents an interesting field : 
for greatly improved control. The tendency of practically every 
small plant operator is to rely on his eye and judgment as to what 


‘floc.” A good floc may, however, not represent 
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a good floc and a minimum alum dosage to produce it. The natural 
tendency of such control is to let well enough alone, and to overcome 
this tendency this company has found it desirable to install stirring 
machines in every plant laboratory where such a machine can be used. 
These machines with a daily jar test, requiring twenty minutes time, 
makes the operator, “alum minded” and insure the proper dosage 
with every change of water character. This does not always result 
in lowered costs, but it insures a properly dosed water and with much 
improved uniformity. The failure of “eye control” is well illus- 
trated in a short study of the alum dosage of a Community Water 
Service plant, during a period of ninety-four days, where unusual 


TABLE 1 
Alum dosage study, Plant A, Community Water Service Company 


0-50 50-100 100-150 | Over 150 
p.p.m. p.p.m. p.p.m. p.p.m. 

Alum dose, pounds per million gallons 

100 165 218 320 

Number of days this range turbidity sat 

Maximum possible saving, dollars....| 99.00} 215.00 | 110.00} 225.00 


Note: Savings based upon actual costs and possible costs if minimum dose 
in any particular turbidity range had been used when such turbidity was 
present. 


conditions were entirely absent, and the turbidity present alone 
practically determined the alum dosage. These data appear in 
table 1. 

This study indicated that under entirely comparable conditions a 
maximum possible saving of $650.00 could have been effected in a 
period of ninety-four days. The maximum is, of course, not at- 
tainable, but the possibilities are indicated, even in a plant of moder- 
ate size, the capacity of this plant being from 4 to 6 m.g.d. This 
plant now controls its alum dosage by such a stirring machine. A 
recent statement from the plant operator was to the effect that his 
plant was now producing the best water in its history, showing that 
other benefits than cost reductions are a part of good control. It 
might be added that lower costs have also resulted. 
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ieee oe has not only eliminated the addition of alum when the turbid soft 


Jar tests made periodically may point out faulty settling basins, 
or improper mixing, as laboratory dosage tests made under same 
temperature conditions should approximate plant results. In the 
operation of several plants, such jar tests have clearly indicated that 
new improvements for mixing and settling would not only pay a 
good rate of return on the investment required, but also help produce 
a more satisfactory water. 

In another plant belonging to this company, a method of using 
what is usually an undesirable supply, has been worked out. This 
company has two supplies, one of good quality, but insufficient in 
quantity, and another of large quantity, but carrying a high content 


TABLE 2 
_ Analyses—utilization of water bearing acid mine wastes for coagulation 
(Results in parts per million) 


Ww GOOD QUALITY) |AND FILTRATION 

106.6 


of acid mine water. This stream has had a content of total acidity 
as determined in a hot solution with phenolphthalein indicator of 
150 p.p.m. (asCaCO;). Alum, and sometimes, lime is used to treat the 
smaller (Gilkerson supply) and caustic soda, or lime and soda ash, 
is used to treat the supply carrying mine waste. The acidity is due 
to some free acid, and a large quantity of iron and aluminium sulfate. 

om Mixing the two supplies and adding sufficient lime to bring the pH to 
nie a point insuring precipitation of the iron and aluminium sulfates 


water is being treated, but, more important, it will prolong the time 


the good supply can be used and necessarily shorten the time the ob- 
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jectionable mine waste bearing water must be treated. Typical 
partial analyses of these supplies, and a mixture are given in table 2. 


an aid to color removal. The introduction of whiting to this partic- 
ular plant solved a very difficult problem that had baffled a number 
of prominent purification men, during the first few years of operation. 
In connection with an investigation of the possible uses of water 
softening sludge, it was found that this sludge could successfully be 
substituted for the whiting. Freight rates and drying costs practi- 
cally eliminated the use of this material, but indicated the possible 
use of a by-product of the lime industry—‘limestone flour.”’ In com- 

position, the sludge and limestone flour are very similar, and in actual 


TABLE 3 


Se atiaiale used as aid in color removal at Plant C, Community Water Service 


Company 

Moisture, per cent.................... 1.03 0.30 

Oxides of Fe and Al.................. 1.60 0.50 0.70 

Calcium carbonate.................... 81.02 90.76 85.50-91 .00 

Magnesium carbonate................. 15.41 0 10.40-13 .30 

Total carbonate as CaCO ;............ 99.30 90.76 

Price delivered per ton, dollars. ...... 13.90 8.90 


plant operation, this product can be substituted with no apparent 
differences in results. Comparative analyses are shown in table 3. 
With 80 tons of this material being used per year, this new material ae 
is readily accepted by the plant operator and manager. at 
The use of soda ash in preference to lime for the correction of low 
pH values in soft waters is a debatable subject upon which definite — 


to lime is the additional hardness onneed by it, while the main a pai: 
jection to soda ash is the cost. In waters having hardness from 10 
to 50 p.p.m., it seems debatable that any small increase in hardness 
is objectionable. In one of this company’s plants soda ash had been 


used for a considerable period of time. In order to determine the | 
possible effect on the consumer of the slight additional hardness lime 
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usage would cause, it was decided to make a plant test with lime over 
a long period of time. This was done, and not a single complaint 
has been received, even though the hardness has been increased 8 
~ to 10 p.p.m. or approximately 40 per cent. This substitution has 
resulted in a saving of approximately $4,000 per year, in addition to 
the possible benefits of lime in the pH correction of soft waters. Aver- 
we age results at this plant are given both before and after the substitu- 
tion of the lime for the soda ash. 
The possibilities in some of the other problems confronting the 
_ water works man seem very large. In the field of corrosion an enor- 


TABLE 4 


Comparison of soda ash and hydrated lime for pH correction at Plant D, Com- 
munity Water Service Company 


RAW a TREATED WATER AVERAGE DOSE 
WATER— 
HARD- Total | 
Alka- Alka- 
wess | PH | iinity | PH | jinity | ard | “ash | Lime 
pounds | pounds 
per per 
m.g. mg 
26.0 | 6.40 | 6.5 | 7.15 | 19.0 | 24.0 | 123 0 
23.5 | 6.50 | 5.5 | 7.05 | 15.0 | 24.0 96 0 
22.0 | 6.40 | 4.0 | 7.10 | 15.0 | 23.5] 112 0 
March, 1929........... 25.5 16.30 | 3.5 | 7.10 | 16.0 | 24.5 | 126 0 
Lime and soda ash each used part of month 
1929.............] 24.5 | 6.15 | 2.0 | 7.90 | 11.5 | 32.0 0| 52 
23.0 | 6.25 | 2.5 | 7.40 | 10.5 | 31.0 0| 50 
21.5 | 6.20 | 4.0 | 7.15 | 11.0 | 27.5 0| 48 
August, 1929.......... 20.5 | 6.30 | 6.0 | 7.30 | 13.5 | 29.5 58 


mous amount of practical research remains to be done, particularly 
in the application of preventative measures. In our own experience 
4 s has been particularly well illustrated in a transmission main 
38,000 feet in length, which requires periodical cleaning to allow its 
full use. This main is a 16-inch force main, one-third of it laid in 1885 
= and the remainder in 1925. The experiences and records in cleaning 
ite this main have been reported. For this report it is sufficient to state 
that, in spite of maintaining a pH value, with lime, of between 8.1 
‘and 8.6, in a water having an alkalinity of 25 to 50 p.p.m., nodulation 

_ proceeded at such a rate as to make cleaning again necessary in 8 to 
months. This main had a capacity of 2.1 m.g. d. 
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the fact that the decreased capacity of the main requires an outlay 
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“Himit. A loss of f head of 5.38 feet per chiuhetd feet oh pipe, when the 
maximum capacity was transmitted, was reduced to a loss of head 
of 1.87 feet at the same capacity; or the capacity of the pipe was 
-—_inereased from 2.1 to 3.1 m.g.d., with a reduction in the initial head 
of 40 pounds, and an increase in residual pressure of 45 pounds by 
cleaning the main. When the increased costs, the possibility that 
other sections of the distribution system are in similar condition, and 


of sums up to $100 per day for purchased water, are brought out, 
the need fora practical method of preventing nodulation are apparent. _ 
Considerable time and money can be expended in such research. 

SPECIAL USES OF LABORATORY = 
ae The laborator: ory analysis and test of fuels, both coal and oil, as used — 
Be. steam and Diesel pump stations, may save many times the cost 
of the work, not only in checking the fuel as delivered to see that it 
conforms to specifications, but in ascertaining what specifications are “4 
the correct ones to apply under different conditions and in different 
parts of the country where the character of the fuel sources varies. 
A certain specification may secure the best fuel, but in some parts of — 
the country the increased freight charges necessary to meet that — 
specification may offset the advantage. Another great benefit re- 
sulting is the fact that when the analyses are made by the company’s 
own laboratory the plants are encouraged to obtain them more fre- 
quently and more as a matter of routine. This enables them to check 
their plant efficiencies more accurately in other respects and leads to 
more careful and efficient operating all around. 

The laboratory is performing valuable service in the analysis of 
other materials (besides chemicals) used by the various companies. 
Examples of this are analyses of brasses and bronzes as used in service 
line materials. Cast iron analyses may also be checked. 

An active laboratory organization has been found to be of great 
value in investigating the methods of treating boiler feed water. All 
waters are different and no one compound er method of treatment 
is best for all. Analyses of the water and of the scales formed, carried 
on during various seasons, and under different operating conditions, 
may point the way to real savings in the form of operating economies 
and reduced maintenance. Along the same line is the opportunity 
to handle the treatment of scale-forming waters ae for the cooling 
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of Diesel engines. This latter is at least as serious a problem as the 
treatment of boiler waters for expensive maintenance and shut downs 
may result from its neglect. 
_ The broadest field by far for the activity of the chemical engineers 
has been found to be in the solution of corrosion problems. Every 
source of water supply constitutes a complete subject for study, 
_ The subject may be roughly divided into two parts: the elimination 
of corrosion as it affects the character of the water, for instance 
_ causing ‘‘red water” troubles, and the prevention of the harmful 
effects of corrosion on the plant itself, destructive corrosion of pipe 
materials both interior and exterior and the reduction of pipe capac- 
a ities by tuberculation. The question of the exterior corrosion of 
pipes brings in the study of soils which in itself is an almost unlimited 
field. 
It cannot be claimed that even a preliminary conclusion has been 
reached in the work on corrosion. Much very useful work has been 
accomplished, however. The quality of service rendered has been 
greatly improved in some cases and the methods of treatment for- 
: merly in use replaced by ones less costly and just as effective. Defi- 
nite information is at hand as to the characters of the various waters 
in use and measures preventive of corrosion and tuberculation are 
being applied where needed. Much further work is yet to be done 
Thanks are due the various companies and their managers for per- 
_ mission to present these data, as well as to A. T. Clark, Chief Engineer, 
_ Community Water Service Company, for the loan of tabulations. 
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A. T. CLark * The paper by Mr. Flentje and Mr. Wilson should be 


a ae a ae exceptional interest not only to those engineers whose duty is 
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mainly purification, but also to those operating engineers whose 
operating ratios may be bettered by a closer coéperation and contact 
with the laboratory. 

A comparison of the chemical analyses of water before and after 
treatment, its analysis after period of retention in a transmission or 
distribution system and the analysis of the nodules or tubercles 
formed in the transmission or distribution pipes, opens up a field for 
considerable further activity by chemical engineers. 

The solution for the prevention of corrosion or nodulation has only 
been touched upon and to bring out the saving which might be made 
by the prevention of corrosion, I should like to present the following 
figures, as furnished by one of our companies, taken before and 
after the cleaning of a long transmission main. 

The prevention of corrosion or the cleaning of a water main or the 
removal of the nodulations and sediment which under ordinary cir- 
cumstances are more than likely to develop, results primarily in an 
increased capacity of the main and in increased pressures. In the 
case of a transmission main carrying water from a pump station, 
economical advantages would also be obtained and the results of 
the prevention of corrosion or the cleaning, in dollars and cents, may 
be accurately determined where sufficient records have been kept. 

In the particular instance referred to, it was found that the pump- 
ing cost prior to cleaning, was $25.50 per million gallons, as station 
send out. This amounted to 7.68 cents, per foot head, per million 
gallons. After the cleaning of this transmission main, the cost per 
million gallons send out, was reduced to $14.05 per million gallons 
or 4.25 cents per foot head, per million gallons. 

In other words, aside from increasing the capacity of this pipe line 
from 2,100,000, under a maximum limiting pumping head, to upwards 
of 3,100,000 gallons per day, a saving of $10.15 per million gallons 
in operating cost was also effected. 

Assuming that the effects of the cleaning lasted for a period of 
only one year, in which time the capacity was again reduced to its 
previous figure, which greatly underestimates the benefits derived, 
and in the particular case of the plant referred to, that the annual 
pumpage amounted to 950 million gallons, the indicated savings due 
to cleaning, from an operating standpoint only, would be roundly 
$4,800.00. 

If corrosion could be prevented by laboratory control, twice the 
above saving would have been indicated. 
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Even this amazing figure does not take into consideration the ad. 
vantage of being able to deliver approximately 50 percent more water, 
without increasing the pumping head or the greater advantage of 
deferring otherwise necessary capital expenditures. 


L. T. Retnicker:> The many uses and the justification of the puri. 
fication department with its trained personnel, and the placing of 
such a department on a business basis have been clearly demonstrated 
in the paper just presented. Too little thought has been given to 
the business side of all operations of the water plant, as we have been 
more or less content to struggle along and furnish water to those that 
desire it, and have failed to follow the policy of the other utilities ip 
making the sale of our commodity a real business undertaking. 

However, the most important function of the purification depart- 
ment and one which, in the writer’s opinion, should be stressed, is 
the education, experience and training which such a department can 
pass on to all the employees in charge in the operation of ‘one or 
more water plants. 

It is conservative to state that the small plants supplying water to 
communities of less than 25,000 population, are in the great majority, 
In such plants the superintendent or the man in charge of operations, 
theoretically, must be a specialist in all phases of water works opera- 
tions. Not only must he be entirely familiar with the problems in 
furnishing an adequate quantity of water, but he must also recogniz 
and understand the important features connected with the treatment 
of water. 

However, efficient operations can only be realized through a thorough 
understanding of each individual problem and how often do we find 
the manager of a small plant lacking in the fundamental knowledge 
of how to proceed with this treatment of water. 

Small town operators are as a rule capable and earnest public sery- 
ants, but are only prevented from emulating their big city brothers 
in the work they do by their own limitations. Out of contact with 
other men trained in their profession, it is often necessary that such 
men, although realizing the importance of the purification of water, 
are unable through lack of knowledge to apply the practice of water 
treatment and protect the lives and health of their consumers. In ow! 
operation of small plants we have discovered that a number of em 
ployees in responsible positions do not even appreciate the importance 


5 Operating Manager, National Water Works Corporation, New York, N.Y. 
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of water purification. So long as none of their consumers become 


d. ill they feel under no obligation to worry about the quality of the 
T, water they are supplying. 
of Such a condition is indeed unfortunate and is due entirely to the 


inability of such men to obtain the information they desire in such 
form as to be intelligible to them. In water plants of large towns 


vi there is sufficient work to justify the creation of departments, es- 
of pecially the purification department, composed of men thoroughly 
ed aware of the importance and science of treating water. Here salaries 
to can be paid to attract the employment of men outstanding in this 
en field and money can be expended in research work and study in the 
lat increasing and interesting problems in water purification. From 
in such men in their research work contributions are made to this de- 


partment of water works operation which are of extreme value and 
properly understood and appreciated by other such trained men. 


is However, such information is beyond the conception of the operator 
“al of a small water plant, with the result that, as he is not trained even 
of in the fundamentals, he is unable to derive any benefit from the ex- 
periences of the outstanding men in this field. 
to Through the creation of a purification department, such as that 
ty. maintained by the Community Water Service Company, the per- 
ns, sonnel of the various plants controlled by the above company may 
Ta be instructed and trained in the treatment of water. The benefits 


3 in from this work alone are sufficient to justify the maintenance of a 
nie purification department, even if it were not also possible to develop 
ent the business side of the problem. 

With the importance of purification stressed now above all other 
ugh phases of water works operations and with the increasing trend to- 
find ward the treatment of all public water supplies, the field is fertile 
dge for the publication of the theory and the practice of water treatment 
in clear, concise, practical language, which can readily be understood 
etv-§ by the average small town operator. This, accompanied by contact 
hers with other men through short term schools conducted in various con- 
with F venient locations, should materially increase the efficiency of all 
such F water works operation and will make for greater safety in the quality 
of water supplied. 

ater In the small plants operated by a parent company, the operators 
can be trained by the central purification department, but the great 
ned, which prob- 
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ably never will be operated by a parent company, are still in a position 
of not having the necessary-information available to understand the | 
importance of producing pure water. This water purification diyi. 
sion can be of wonderful assistance, therefore, to such small tow, 
operators in showing more interest in their problems and in trying 
to err and understand their lack of knowledge of the subject, 
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‘TYPHOID FEVER IN THE LARGE CITIES OF THE UNITED 
STATES IN 1930! 


This report concerns ninety-three cities of more than 100,000 
population. This is an increase of twenty-five cities over the 1920 
enumeration and a population increase of more than 8,500,000. 
Whereas in 1920 there were in the sixty-eight cities of more than 
100,000 a total population of 27,735,000 persons, comprising 26 per 
cent of the population of the continental United States, in 1930 in 
the ninety-three cities of this size there were 36,326,000 persons, 
about 30 per cent of the total population of the country. Fifteen 
million of these 36 million live in the five largest cities (New York, 
Chicago, Philadelphia, Detroit and Los Angeles). 

Twelve cities appear this year in these summaries for the first 
time: Chattanooga, Tenn.; Evansville, Ind.; Fort Wayne, Ind.; 
Knoxville, Tenn.; Long Beach, Calif.; Miami, Fla.; Peoria, IIL; 
Somerville, Mass.; South Bend, Ind.; Tampa, Fla.; Waterbury, 
Conn., and Wichita, Kan. They are distributed among six of the 
eight geographic divisions, the Middle Atlantic and West South 
Central groups being the only ones without additions. Data for 
past years for all the new cities except South Bend have been supplied 
by the local health departments. 

Divergences between previously estimated population figures for 
the years 1926-1929 and the populations calculated on the basis of 
the 1930 federal census appear in most instances to have affected but 
little the typhoid death rates given in previous reports. In twelve 
cities, where the 1926-1930 averages calculated on the basis of the 
rates in previous reports departed from the averages of the rates 
calculated by the 1930 census by 0.3 or more, the rates have been 


1Reprinted from the Journal of the American Medical Association, 96: 19, 
May 9, 1931, p. 1576. Preceding articles were published in the same Journal, 
May 31, 1913, p. 1702; May 9, 1914, p. 1473; April 17, 1915, p. 1322; April 22, 
1916, p. 1305; March 17, 1917, p. 845; March 16, 1918, p. 777; April 5, 1919, p. 
997; March 6, 1920, p. 672; March 26, 1921, p. 860; March 25, 1922, p. 890; March 
10, 1923, p. 691; Feb. 2, 1924, p. 389; March 14, 1925, p. 813; March 27, 1926, p. 
948; April 9, 1927, p. 1148; May 19, 1928, p. 1624; May 18, 1929, p. 1674; May 17, 
1930, p. 1574. 
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recalculated on the basis of new population estimates based on the 
1930 census; the twelve cities affected are: Cambridge, Mass, : 
Camden, N. J.; El Paso, Texas; Jacksonville, Fla.; Los Angeles: 
Louisville, Ky.; Memphis, Tenn.; Norfolk, Va.; Portland, Ore.; 
Tulso, Okla.; Washington; and Wilmington, Del. 

The number of typhoid deaths during 1930 in each city has been 
sent by the respective health department. The rates are calculated 
on the basis of the 1930 census, according to the revised figures given 
out by the Bureau of the Census, Jan. 17, 1931. It should be noted 
that the figures for typhoid deaths include all that have occurred 
within the city limits, nonresidents as well as residents, since statis- 
ticians are agreed that “the attempt to eliminate the deaths of non- 
residents would often result in an understatement of the true mor- 
tality.’”? It is evident, however, that nonresident deaths offer an 
important problem in a number of localities. In four cities where 
only single deaths from typhoid are reported, the death in each case 
is that of a nonresident: Springfield, Mass.; Syracuse, N. Y.; Flint, 
Mich., and Grand Rapids, Mich. In 27 others, one-third or more of 
the typhoid deaths reported are stated to have occurred among non- 
residents. In Providence, R. I., 4 out of 5;in Atlanta, Ga., 21 out of 
28; in Birmingham, Ala., 8 out of 12; in Dallas, Texas, 11 out of 17; 
in Oakland, Calif., 2 out of 3, and in Los Angeles, 8 out of 18 are so 
classified. Some other cities are not far behind in having a high pro- 
portion of nonresident typhoid deaths. In view of the greatly 
diminished typhoid rates in most localities, this factor is bound to 
receive greater attention in future statistical inquiry. Typhoid rates 
in some parts of the United States evidently connote a regional rather 
than a municipal problem. 

Three of the fourteen New England cities (Bridgeport, New Haven 
and Worcester) had no deaths from typhoid during 1930 (table 1). 
New Haven, indeed, has had but two deaths from typhoid in four 
years, a remarkable record; this city ranks third best in New England 
for the 1926-1930 period after being one of the “tail-enders” for 
nearly twenty years. The highest honor for 1926—1930 in this group 
belongs to Springfield, with an average typhoid rate of only 0.4 per 
hundred thousand (three deaths in five years). Boston is well in the 
upper half of the list with an average for 1926-1930 of only 1.2 and 
a still better showing for 1930 (0.8). The two newcomers among New 
England cities, Waterbury and Somerville, stand midway among 


” Bureau of the Census, Mortality Statistics, 1912, p. 13. 
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their fellows; both cities seem to have had about the average amount _ 
of typhoid in the past and to have participated similarly in the 
general decline. Lowell brings up the bottom of the list in 1930,as | 

it did in 1929, and even shows a slight typhoid increase. Why does — 
the Lowell typhoid death rate continue to be nearly four times the f 
average for New England cities (table 12)? 

The typhoid rate for the New England group as a whole (1.23) is 

distinctly lower than that for 1929 (1.35) and with one exception ers i): 
(1928) the lowest ever recorded (table 12). All New England cities = 


TABLE 1 
Death rates of cities in New England states from typhoid per hundred thousand i é ae 


population 

1930 | 1929 | 1928 | 1927 | 1926 
Springfield................ 0.4) 2.0} 4.4)17.6/19.9| 0.7) 0.7 | 0.0 | 0.0 | 0.7 
Bridgeport................ 0.5) 2.2} 4.8) 5.0)10.3) 0.0) 0.6 | 0.6 | 0.6 | 0.6 
0.6| 4.4) 6.8)18.2/30.8) 0.0) 1.0 | 0.0 | 0.0 | 2.2 
Worcester................. 1.0} 2.3) 3.5) 5.0)11.8) 0.0) 1.0 | 0.5 | 3.1} 0.5 
2.2) 2.5) 9.0/16.0| 0.8} 1.6 | 0.6 | 1.1] 1.8 
1.2} 1.0) 8.0/18.8 1.0} 1.0 | 2.0 | 0.0 | 2.0 
1.3) 2.5) 6.0/15.0)19.0) 2.4; 0.0 | 1.2 | 1.8] 1.2 
Providence................ 1.3] 1.8} 3.8) 8.7/21.5|) 2.0) 1.7 | 1.7 | 0.4] 0.7 
1.3} 1.6} 2.8} 7.9)12.1) 1.9 | 1.9] 1.0 
1.5} 1.6) 3.9] 7.2/14.1) 1.0} 1.9 | 0.0} 0.9 | 3.8 
New Bedford.............. 1.5) 1.7| 6.0)15.0)16.1) 2.7/ 0.0 | 0.8 | 3.3 | 0.7 
GCambridge................ 2.1) 4.3} 2.5} 4.0} 9.8} 0.9} 1.8*) 1.8*) 0.9*) 5.3* 
2.2) 2.3) 8.5)13.4/13.5) 2.6] 0.7 | 4.5 | 2.3 | 0.8 
2.6 5.2|10.2|13.9| 4.4 | 0.0 | 2.6 | 0.9 


* Previous figure revised on basis of 1930 census population. 


save two (Waterbury, Lowell) had a lower five year average for 1926- 
1930 than for 1921-1925. For the second year in succession, how- ie 
ever, the New England typhoid rate has been higher than that for Cie a 
the Middle Atlantic states (table 12). 

The cities of the Middle Atlantic states make the best showing of 
any geographic group in 1930 (table 12). Philadelphia ties with 
New York for 1930 and actually has a lower five year average. In 
view of the past typhoid history of Philadelphia (for instance in — 
1906-1910) the improvement is amazing. Both New York and © 
Philadelphia reduced by half their typhoid rates in 1926-1930 as 
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compared with 1921-1925. Perhaps the most remarkable fagt 
about the Middle Atlantic group is that every one of the eighteen D 
cities made a better record in 1926-1930 than in 1921-1925. Two 
cities, Paterson and Utica (table 2), have a perfectly clear record 
with no typhoid deaths, both for the second time, Paterson having a 


| 


similar record in 1927, Utica in 1926. Elizabeth, after an unusually Ri 
Death rates of cities in Middle Atlantic states from typhoid per hundred thousand B 
population M 
W 
= pont = 1930 | 1929 | 1928 | 1927 | 199% 7 
1.7 | 4.8) 5.0110.3| 0.7 | 1.6 | 0.0/0.0 A 
2.3 | 1.5] 11 
2.3 | 6.9/49.0/46.6, 0.9 | 0.7 | 0.8 | 1.5 0.8 
2.7 | 4.5) 7.2/12.6, 0.3 | 0.3 | 0.6 | 1.2/1.9 
2.3 | 3.3) 0.2 | 0.6/1.0] 1.3) 1.5 
3.3 | 4.1) 9.1)19.3)} 0.0 | 2.0} 1.4| 0.0} 1.4 
Philadelphia............ 2.2 | 4.9)11.2/41.7| 0.9 | 0.7 | 0.8 | 1.4/1.9 
1.1) 3.9* 0.9/1.9} 2.9 | 0.0 
1.6) 2.4 | 3.3} 8.0)16.6| 4.4 1.7 | 0.0/0.9 1.0 
1.6} 6.0 |10.0/31.9/42.0; 0.9 | 0.0 | 2.6 1.7 | 2.6 
Rochester. ...;.. 1.7| 2.1 | 2.9) 9.6/12.8) 1.8 | 0.6} 0.9 | 1.2 | 4.0 
6 1.8) 5.6 | 8.0/18.6)17.4, 0.8 | 3.3 | 0.8 | 3.3 | 0.0 
1.8} 2.4 | 3.8} 9.3/31.5) 1.47) 1.4 | 1.4 | 0.7 | 4.2 
2.1] 8.2 | 8.6/22.3/28.1) 2.4/2.1/2.1/1.5]22 
Pittsburgh.............. 3.9 | 7.7|15.9165.0| 1.5 | 2.3| 3.4/1.9] 2.7 
2.7| 3.9 | 8.115.4/22.8, 1.9| 1.9 | 2.3 | 2.4| 5.0 
4.455.9| 49 4.5) 4.2 | 6.8t| 5.1t] 0.8t! 5.1 
* Data for 1925 only. i 
t Typhoid deaths for Scranton furnished by Pennsylvania Department of I 
Health, Harrisburg. ( 
t Previous figure revised on basis of 1930 population. ! 
] 
good record in 1926-1928, brings up at the foot of the group in 1930; | 
the relatively high rate in that city suggests that a carrier may be at ( 
work somewhere in the vicinity. Camden for the third year in 
succession reports a typhoid rate that should prompt inquiry. The ' 
Camden five year average for 1926-1930 is four times that of } 
Philadelphia. | 
Eight of the nine cities of the South Atlantic group had higher rates 


in 1930 than in 1929 (table 3), with considerable increases in Norfolk 
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Death rates of cities in South Atlantic states from typhoid per hundred thousand | 


TABLE 3 
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population 

| | | 1906") 1930| 1929 | 1928 | 1927 | 1926 
Richmond.............. 1.9| 5.7) 9.7 |15.7 |34.0} 2.2) 1.5 | 3.1 | 0.0 | 2.6 
8.8 |21.7 |42 1} 3.8) 0.8*| 2.4* 1.6%) | 
Washington............ 2.8] 5.4) 9.5 |17.2 |36.7| 3.3] 2.7*| 3.1*| 2.1%] 2.8* 
Baltimore.............. 11.8 |23.7 |35.1) 3.3) 2.6] 3.8/1.8} 4.7 
Wilmington............ 3.7| 4.7) 25.84/23. 2t/33.0) 4.7) 0.9*] 6.4*] 3.6%) 2.8* 
3.8)19.1) 43.9§ 0.9 | 7.1 | 6.5 (23.5 
Jacksonville............| 4.4 0.0) 0.8*| 2.4*| 8.4*/10.5* 
cle 11.1|14.5) 14.2 [31.4 |58.4/10.3) 6.5 | 7.4 14.0 17.2 


* Previous figure revised on basis of 1930 population. 


+ Data for 1916 only. 
t Lacks data for 1913. 
§ Lacks data for 1916. 


Death rates of cities in East North Central states from typhoid per hundred 
thousand population 


TABLE 4 


| | | 1980 | 1929 | 1928 | 1927 | 1926 
0.2 | 3.7 | 5.7/16.415.7*| 0.0) 0.0) 0.0) 1.0) 0 
0.6 | 1.4 | 2.4) 8.2)15.8 | 0.6) 0.6) 0.5) 0.7) 0 
Milwaukee................. 0.8 | 1.6 | 6.5)13.6/27.0 | 0.3) 0.7) 0.9) 1 
1.0 | 2.0 | 4.0)10.0/15.7 | 1.5) 0.5) 0.6) 1.0) 1 
Grand Rapids............. -| 1.0 | 1.9 | 9.1/25.5/29.7 | 0.6) 0.6) 0.6) 1.9) 1 
1.1 | 7.2 |19.2/29.5/35.1 | 2.3) 1.0) 0.0) 2.4) 0. 
1.3 | 4.1 | 8.1/15.4/22.8 | 1.1) 0.9} 1.0} 1.2) 2. 
3.3 | 8.9 1.9} 0.8) 0.8) 0.0) 3. 
1.5 | 2.4 1.2) 0.4) 2.8) 1. 
1.6 | 4.6 |22.7/18.8/46.9 | 0.6) 1.3) 3.4) 2.1) 0. 
1.9 | 3.3 | 9.3)14.8/22.5 | 0.5) 1.6) 2.7) 1.7| 2 
2.1 | 3.5 | 7.1/15.8)/40.0 | 2.7) 2.3) 2.0) 1 
2.5 | 3.2 | 3.4) 7.8/30.1 | 2.4) 1.9) 1.7) 3.9} 2. 
Indianapolis............... 2.7 | 4.6 |10.3/20.5/30.4 | 1.9) 1.5) 3.6) 1.3) 5. 
3.0 | 5.8 |10.6/31.4/37.5 | 2.1) 0.3) 4.8) 2.9) 4. 
Fort Wayne................ 4.2 }12.9 | 7.3 2.6) 5.3) 5.5) 1.9) 5. 
Evansville................. 6.2 | 5.0 17.5)32.0/35.0 6.8) 4.9) 3.0) 7.1) 9. 

* Lacks data for 1907, 1908 and four months of 1909. 
t Data for 1909 and 1910 only. 
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and Wilmington. In spite of this rise, however, the 1926-1939 
averages are all lower than the available averages for 1921-1925, the 
reductions in Richmond, Washington and Tampa being especially 
noteworthy. The two newcomers in this group, Miami and Tampa, 


TABLE 5 


Death rates of cities in East South Central states from typhoid per hundred 
thousand population 


1926-|1921-| 1916- | 1911- | 1906- 
1930 | 1925} 1920 | 1915 | 1910 | 1980] 1929 | 1928 | 1927 


1926 


3.7| 9.7 |19.7 |52.7 3.0*| 3.1*| 3.5*| 7.5* 
Birmingham............. 8.0/10.8)31.5 [41.3 |41.7 7.0 | 7.2 {12.9 | 8.5 
Chattanooga............ 8.0)18 .6|27.2 


10.7|20.8)25 .37 11.7 {12.0 |10.2 |17.9 


1.6 
4.6 
35.8 0.8) 6.2 | 6.5 |13.9 |12.6 
4.7 
1.9 
18.2)17.8/20.7 |40.2 (61.2/12.3)12.8 |15.0 {16.0 |35.0 


* Previous figure revised on basis of 1930 population. \dtaived 
t Data for 1920 only. i Wii ia 
t Data for 1914 and 1915 only. oo tae 


TABLE 6 


Death rates of cities in West North Central states from typhoid per hundred 
thousand population 


1930 | 1929 | 1928 | 1927 | 1926 
0.8} 1.9} 5.0/10.6)32.1 | 1.3) 0.6) 0.2) 0.7) 1.4 
1.1) 1.7) 4.4/19.8/45.5 | 2.0) 0.0) 0.0) 2.7) 0.8 
1.2) 6.3 1.8) 0.0) 2.0) 2.1) 0.0 
1.3) 3.3) 5.7/14.9|40.7 | 0.9) 0.4) 2.7) 0.9) 1.8 
1.4) 3.4) 3.1) 9.2)12.8 | 0.7} 1.0) 1.3) 2.8) 1.2 
1.7) 5.0) 9.4/31.1/74.5*| 0.0) 2.5) 1.7| 0.0) 4.3 
vp 2.1) 3.9) 6.5)12.1)14.7 | 2.5) 1.5) 2.2) 1.9) 2.3 
2.4) 2.2) 6.4)/15.9|23.7 | 1.4) 3.2) 1.3) 3.3] 2.7 
2.8 5.710.616. 2/35 .6 2.2 3.2) 2.3) 2.9) 3.5 
* Lacks data for 1906 and 1907. 


report good records for 1930. Taspe seems to have had an n appall- 

ing amount of typhoid in 1916-1920 and even as late as 1926. 
Jacksonville, reporting no typhoid deaths in 1930, gets a place on 

the Honor Roll. Atlanta records 1926-1930 as its = five year 
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- jittle more typhoid in 1930 (1.14) than in 1929 (0.96). Such cities 


§ Lacks data for 1921 and 1922. 


Previous figure revised on basis of 1930 population. 
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The cities of the East North Central group (table 12) average a 


TABLE 7 


“Death om 5 of cities in West South Central states from typhoid per hundred 
thousand population 


| | 1906~ | 1930 1920 | 1928 | 1927 | 1926 
San Antonio...... 4.6 | 9.3 |23.3 |29.5/35.9 | 3.9/3.1 | 2.3 | 5.7 | 7.8 
Houston..:....... 4.8 | 7.6 |14.2 |38.1/49.5*| 3.82.8 | 6.0 | 5.6 | 6.0 
Fort Worth....... 5.9 | 6.1 |16.34/11.9/27.8 | 4.92.8 | 7.0 | 4.3 |10.7 
7.3 | 11.2 |17.2 6.59.4 | 5.0 | 6.6 | 8.9 
Oklahoma City....| 7.4t 7.06.2 |10.0 | 6.4 
8.3 | 16.2§ 2.1/3.09 | 4.79 10.79 16.87 
Paso........... 9.1 | 10.8 |30.7 |42.8 6.8/6.0% 12.39 | 9.59 10.89 
New Orleans......| 9.9 | 11.6 {17.5 |20.9/35.6 | 6.5/9.1 | 7.2 | 8.0 |18.6 
_* Data for 1910 only. 


TABLE 8 


Death rates of cities in Mountain and Pacific states from typhoid per hundred 
thousand population 


| 1930 1929 | 1928 | 1927 | 1926 
1.0) 1.6 | 7.9)17.0/10.8| 0.0) 1.6 | 1.7 | 0.9 | 0.9 
Long Beach.............. 1.1) 2.1* 0.7; 0.6 | 2.1 | 1.4/0.7 
1.2} 2.0 | 3.8) 8.7/21.5) 1.0} 1.1 | 1.1 | 2.2 | 0.8 
1.5) 3.0 | 3.6/10.7/19.0} 1.5) 1.5f} 1.9f} 1.2f| 1.3f 
eee 1.8} 3.7 | 2.9)10.4/19.0) 0.9) 1.7 | 0.0 | 2.8 | 3.8 
Salt Lake City........... 1.9} 6.0 | 9.3]13.2/41.1) 2.8] 0.7 | 2.9 | 2.2 | 0.7 
San Francisco............ 2.0) 2.8 | 4.6/13.6/26.3) 1.3} 1.0 | 3.4 | 1.7 | 2.5 
2:2) 2.6 | 2.9) 5.7/25.2) 2.2) 2.3 | 1.3 | 2.7.1 2.3 
2.2) 4.4 | 4.9)17.1|50.3) 1.7) 0.0 | 1.8 | 0.9 | 6.5 
2.3) 3.5 | 4.5)10.8/23.2| 1.0) 2.7t| 2.44) 2.47] 2.9f 
2.6) 5.1 | 2.1) 2.0 | 2.7 | 2.8 | 3.5 


* Lacks data for 1921. 
+ Previous figure revised on basis of 1930 population. 


as Cleveland, Cincinnati and Toledo (table 4) record substantial 
increases, and others like Chicago, Detroit and Grand ow show no 
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V 
TABLE 9 ‘ 
Death rates from typhoid in 1930* - 
TRICE Honor Roll: No typhoid deaths wing 
Bridgeport Peoria § 
Kansas City, Kan. San Diego ( 
"First Rank = 0.1 to 1.9 Deaths per Hundred — 
0.67 San Francisco................. 1.3 I 
Philadelphia.................. 0.9  Indianapolis.................. 1.9 
peek 
Second Rank (from 2.0 to 4. f 
2.1 Kansas City, Mo.............. 2.2 
* Note that the ranks have been arranged differently from those in the t 
corresponding tables of previous reports. Formerly the Honor Roll included I 
all cities with rates from 0.0 to 1.9. The new arrangement puts into Second t 
Rank the cities that used to be called First Rank, and the new Third and ] 
Fourth Ranks correspond to the old Second and Third. 1 
+ The single typhoid death reported was stated to be in a nonresident. i 
t One-third or more of the reported typhoid deaths were stated to be in i 


nonresidents. 
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TABLE 9—-Concluded 


Second Rank (from 2.0 to 4.9)—Concluded 


2.4t San Antonio 

Mart 2.6 Birmingham 


Fourth Rank (10.0 and Over) aa 


improvement. Only five of the seventeen cities reporting in 1929 _ = ie 
record any decline in typhoid in 1930. On the other hand, sixteen _ 
of the seventeen have lower five year averages for 1926-1930 thane 
for 1921-1925. The single exception, Evansville, had a relatively 
high rate (6.8) in 1930 and the highest five year average (6.2) inthe __ 
group. What is the matter with Evansville? In 1916-1920 and 
again in 1921-1925 it had about the same typhoid average as Youngs- — 
town, but in 1926-1930 the Youngstown average was 1.1 and that _ 
for Evansville 6.2. Among the newcomers in this group Peoria _ 
seems to have a remarkable history, only one typhoid death being 
reported in seven years, a record apparently unequaled in the country. _ 
The East South Central cities (table 5) all show improvement in _ 
their 1930 typhoid rates compared with those for 1929. The two 
newcomers, Chattanooga and Knoxville, show the greatest reduc- | 
tions and have among the lowest rates in the group (0.8 and 1.9). a a 
Knoxville, whose high typhoid rate in the past has several times been 
made the subject of special investigation, shows marked improvement _ 
in its five year average. Memphis, which has given steadily improv- _ 
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and for the first time has a five year average under 10. Birmingham 
also in 1930 breaks its previous low record, and Louisville gives the ) 
excellent typhoid rate of 1.6 for 1930 and 3.7 for 1926-1930. The 
cities of this group, most of which have had to struggle with unto- 
ward conditions, have made perhaps the greatest advance in the 
past decade of any group in the country. Nashville is apparently 
having the greatest difficulty of any of these cities in bringing its 
typhoid rate down. It is the only one of the group to report a higher 
average in 1926-1930 than in 1921-1925. This is largely due, how- 
ever, to excessive typhoid in 1926; since that year there has been 
steady, if not marked, improvement. What Memphis, Birmingham 


sh 
TABLE 10 
CT rACaENE Number of cities with various typhoid death rates i 


NUMBER | 10.0 AND | 5.0 709.9 |2.0 70 4.9 | 1.070 1.9|0.1700.9| 0.0 

1906-1910 77 75 2 0 0 0 0 
1911-1915 79 58 19 2 0 0 0 
1916-1920 84 22 32 30 0 0 0 
1921-1925 89 12 17 48 12 0 0 
1926-1930 92 3 10 30 37 12 0 
1926 91 9 13 28 20 15 6 
ase 1927 92 6 10 28 27 13 8 
1928 92 5 9 29 22 17 10 
1929 92 2 9 21 27 25 8 
1930 93 2 6 30 23 22 10 


and Louisville have done, Nashville should be able to do. The city ~ 
officials of Nashville should compare the 1916-1920 typhoid averages 
for this group with those of 1926-1930 and note that Nashville is 
the only one of the six cities that has failed to achieve a marked T 
reduction in this preventable disease. 

Several cities in the West North Central group (table 6), such as 


Minneapolis and St. Louis, had more typhoid deaths in 1930 than 36 
for some years previously, and the group rate as a whole (table 12) of 
shows a slight increase (1.56 to 1.74) similar to that of the East North N 
Central states. Some sanitarians will be inclined to relate the ty- - 
phoid increase in these two regional groups to the hot weather and b 
drought of the summer of 1930. If such a connection exists, it still p 
remains to determine whether the effect of weather conditions lies in 
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an influence on individual susceptibility or on channels of trans- 
mission. All the cities of this group except Des Moines make a 
better record for 1926-1930 than for 1921-1925. 

The West South Central cities (table 7) have long had relatively 
unsatisfactory typhoid rates but appear to be gradually pulling out 


TABLE 
Total typhoid rate for seventy-eight cities, 1910-1930* 


POPULATION TYPHOID DEATHS 100,00. 
1910 22,573,435 4,637 20.54 
1911 23,211,341 3,950 17.02 
1912 23,835,399 3,132 13.14 
1913 24, 457,989 3,285 13.43 
1914 25,091,112 2,781 11.08 
1915 25,713,346 2,434 9.47 
1916 26, 257, 550 2,191 8.34 
1917 26 , 865, 408 2,016 7.50 
1918 27 086, 696+ 1,824¢ 6.73 
1919 27,735, 083t 1,151f 4.15 
1920 28,244,878 1,088 3.85 
1921 28, 859, 062 1,141 3.95 
1922 29 473, 246 3.26 
1923 30,087, 430 950 3.16 
1924 30,701,614 3.07 
1925 31,315,598 1,079 3.44 
1926 31,929,782 907 2.84 
1927 32,543, 966 648 1.99 
1928 33, 158, 150 score 1.89 
1929 33,772,334 — 1.59 
1930t 34,386,717 554 1.61 


* The following fifteen cities are omitted from this table because data for 
the full period are not available: Canton, Chattanooga, Dallas, Fort Wayne, 
Jacksonville, Knoxville, Long Beach, Miami, Oklahoma City, South Bend, 
Tampa, Tulsa, Utica, Wichita, Wilmington. 

t Data for Fort Worth lacking. 

t The rate for the ninety-three cities in 1930 is 1.64 (total population, 
36,326,335; typhoid deaths, 605). 


of their deep rut. Dallas fared much better in 1930 than in 1929. 
New Orleans breaks its previous low record, bringing its five year 
average for the first time under 10. Tulsa leads the group for 1930 
by a good margin and, while its five year average is high, the next 
period seems likely to tell a different story. All the cities in this 
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group had less typhoid in 1926-1930 than in the previous quinquen- 
nium. 

The group of Mountain and Pacific cities (table 8) again makes a 
good showing in 1930, Salt Lake City being the only one to rise 
materially above its 1926-1930 average. The group as a whole 
(table 12) manifests about the same proportional 1929-1930 reduc. 
tion (1.51 to 1.43) as that shown by the cities in New England and 
the Middle Atlantic states. In every instance the five year average 
for 1926-1930 is lower than that for 1921-1925, the improvement 
being marked in several cities (Los Angeles, Long Beach, Tacoma, 
TABLE 12 


Total typhoid death rate per hundred thousand population for ninety-three cities 
according to geographic divisions 


{ DEATHS | 1930 | 1920 | \W2%- | 1095 

New England............... 2,601,824 $2.4 1.23.| 1.35 | 
Middle Atlantic............. 12,650,337 | 131 | 1.03 | 1.19 | 1.40} 2.97 
South Atlantic............. 2,322,692 90 | 3.87 | 2.68 | 4.50 | 7.01* 
East North Central......... 9,302,752 | 106 | 1.14 | 0.96¢| 1.297) 2.32 
East South Central.......... 1,200,032 51 | 4.25 | 6.71 | 8.31 | 13.00 
West North Central......... 2,648 , 663 46 | 1.74/ 1.56 1.83] 3.48 
West South Central......... 1,835,646 98 | 5.34 | 5.87 | 7.32t| 13.08§ 
Mountain and Pacific....... 3,764,389 54 | 1.43 | 1.51 | 1.80} 2.33 


* Data for Jacksonville and Miami lacking. 
t Data for South Bend for 1925-1929 lacking. be POrEE. 
t Data for Oklahoma City in 1926 lacking. 
§ Data for Oklahoma City lacking. ; Pete: 


Salt Lake City, Spokane and Denver). San Diego gets a place on 
the Honor Roll. 

Ten of the ninety-three cities reported that no typhoid deaths 
occurred within their limits in 1930 (table 9). This is the largest 
number, although not the largest proportion, of cities with perfectly 
clear records ever reported in these articles. No city has yet had five 
successive years without a typhoid death, although New Haven, 
Yonkers, and Peoria have come close to it. The five year averages 
make a particularly interesting comparison now that annual rates 
are in many localities so low. Of the eighty-nine cities in this sum- 


_ mary for which both 1921-1925 and 1926-1930 averages are available 
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(these data are lacking for Jacksonville, Miami, Oklahoma City and 
South Bend), only five (Des Moines, Evansville, Lowell, Nashville 
and Waterbury) failed to show improvement in 1926-1930 as com- 
pared with 1921-1925. It is interesting to note also that in 1921— 
1925 no city had a typhoid average below 1.0 (table 10), while in 
1926-1930 there were twelve cities with an annual average of less 
than one typhoid death per hundred thousand inhabitants. Further- — 
more, in 1921-1925 there were only twelve cities with an average less _ 
than 2.0; in 1926-1930 there were forty-nine. = 
The total typhoid mortality rate in 1930 in the seventy-eight cities — oe 
for which records are available beginning with 1910 (table 11) was 
almost exactly the same (1.61) as that for 1929 (1.59). Similar 
halts in the steady typhoid diminution have been noticed three 
other times in the past twenty years, in 1913, 1921 and 1925. After 
each pause the downward progress was resumed. There is no reason 
to suppose that typhoid reduction in the large cities of the United 
States has been permanently checked. 2 
oF 
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ABSTRACTS OF WATER WORKS LITERATURE! _ 


FRANK HANNAN 


_ Key: American Journal of Public Health, 12: 1, 16, January, 1922. The 
figure 12 refers to the volume, 1 to the number of the issue, and 16 to the page 
s the Journal. 


8A Purification Experiments on Raw Water. Fritz Ditter. Wochbl. Papier- 
fabr., 60: 831-2; Papier-Fabr., 27: 521-3, 1929. From Chem. Abst., 23: 
5524, November 20, 1929. Data are given on the purification of bog water with 
aluminum sulfate (I), with lime and alum (II), and with sulfuric acid and alum 
with pH control (III). 1 was satisfactory except that it failed to remove 
manganese. II removed manganese, but required careful control both in 
dosage and in acidifying after filtration to improve the color. III gave more 
rapid coagulation than either I or II (20 minutes vs. 34 hours), but again failed 
to remove manganese. This can be removed by filtration through a layer of 
manganous pyrites, which is expensive. The pH (5.5) giving best purification 
in III was too acid for complete removal of manganese in this way.—R. E. 
Thompson. 


The Treatment of Waste Waters from Sugar-Refineries. JosEF JASKOLSKI. 
Listy Cukrovar., 48: 1-7, 9-14, 1929. From Chem. Abst., 23: 5606, November 
20, 1929. Several processes are reviewed. Chlorine passed into an absorption 
tower into which the waste water was sprayed functioned as sterilizing and 
deodorizing agent. The presence of chlorine in the return water aids sedi- 
mentation, 55 percent of the usual lime dosage giving good sedimentation. 
This is due to the fact that the chlorine prevents fermentation; during fermen- 
tation protective colloids form, preventing flocculation and sedimentation 
of organic matter. Optimum results were obtained when the pH exceeded 9. 
—R. E. Thompson. 


Purification of Tannery Effluents by Colloidal Clay. J. Besse. J. Intern. 
Soc. Leather Trades Chem., 13: 503-7, 1929. From Chem. Abst., 23: 5608, 
November 20, 1929. By acidifying with sulfuric acid and treating with sus- 
pension of clay, practically all impurities are precipitated, effluent being clear, 
free from sulfide, low in nitrogen, and non-foaming.—R. EL. Thompson. 


1 Vacancies on the abstracting staff occur from time to time. Members 
desirous of coéperating in this work are earnestly requested to communicate 
with the chief abstractor, Frank Hannan, 285 Willow Avenue, Toronto 8, 


ay 


a 
L 
te 8 
Ope 
it 
6 
| re 
A 
t 
8 
0 
ti 
‘ 
1 
fc 
8i 
A 


The Purification of Tannery Effluents by Argillaceous Colloids. J. Besser. 
Cuir tech., 18: 244-6, 1929. From Chem. Abst., 23: 5608, November 20, 1929. 
Lime liquors were made slightly acid to phenolphthalein and equal volume of i 
2 percent brick clay suspension, prepared by agitating clay in 0.05 percent A nae 
sodium carbonate, was added. Analyses of 4 lime liquors showed that in all ad 
cases the total nitrogen, sulfides, and solids of the solutions after flocculation by 
were 10 percent, or less, of the original concentrations. The great disad- 
vantage is the large volume of water required.—R. E. Thompson. 


Disposal of Creamery Wastes. Ciare E. Suaucuter. Mich. State Coll., 
Eng. Expt. Sta. Bull., 18: 27 pp., 1928. From Chem. Abst., 24: 169, January 
10, 1930. High acidity inhibits reduction of the wastes. The acidity in- 
creases as the oxygen consumed value is reduced. The acidity in a septic tank 
with 1-day retention is about 400 p.p.m., and with 3-day retention, about 
600 p.p.m. The corresponding oxygen consumed values are 400 and 250 p.p.m., 
respectively. Sludge does not form readily and even with 3-day retention the 
effluent is extremely offensive and contains large amounts of organic matter. 
A contact bed reduced the oxygen consumed and increased the acidity about 
7 percent. Septic action is much facilitated by addition of lime to pH 7.6. 
The effluent so obtained, low in acidity and suspended solids, is suitable for 
sand filtration. The method is applicable to any septic tank, increasing its 
efficiency and reducing sludge, scum, and odor. Chemical precipitation with 
0.5 gram ferrous sulfate (FeSO,-7 H.O) per liter followed by adjustment to 
pH 7.8 with lime resulted in settlement in 10 minutes and removal of most of 
the bacteria and solids. The effluent is clear and inoffensive, the relative 
stability being 60 percent, and may be further purified by secondary storage 
or oxidation on a sand filter. Such treatment at from 3 to 4 cents per 1000 
gallons is feasible for small creameries, the waste being treated in as concen- 
trated a form as possible-—R. EZ. Thompson. hax 


Measurement of Fluids in Pipe Lines. II. Method of Velocity Change. 
H. Escuzer. Commonwealth Eng., 17: 53-60, 1929; cf. C.A., 23: 4981. From 
Chem. Abst., 24: 174, January 10, 1930.—R. E. Thompson. 


New Thoughts in the Theory of Flowing. J. Marrcks. Gliickauf, 65: 
1234-41, 1929. From Chem. Abst., 24: 174, January 10, 1930. According to 
the new theory the frictional resistance is a function of the ReyNotp number 
for any kind of flowing. This number is explained and applied to flowings 
in pipes, ete.—-R. E. Thompson. 


Potable Water Supply of the Low Countries. Krut and Lierrinckx. Tech. 
sanit. munic., 24: 155-60, 1929. From Chem. Abst., 24: 178, January 10, 1930. 
The water consumption per capita varies from 48 liters per capita at Haarlem 
to 114 liters at The Hague. The various filtration and purification methods 
are briefly described.—R. EZ. Thompson. 


Subterranean Waters on the Territory of the City of Zagreb (Jugoslavia). 
H. Ivexovié. Arhiv. hem. 1 farm., 3: 113-7 (117 German), 1929. From 
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Chem. Abst., 24: 178, January 10, 1930. On the basis of numerous analyses a 
relationship between the composition of water and its geographical position ig 
found and a new theory is set up against the assertion of other authors concern. 
ing the origin of underground water.—R. EL. Thompson. 


Limnological Methods. CuHancey Jupay. Arch. Hydrobiol., 20: 517-24, 
1929. From Chem. Abst., 24: 178, January 10, 1930. The field and laboratory 
methods used by Jupay and co-workers in the chemical analysis of lake water 
are discussed.—R. E. Thompson. 


A New Apparatus for Water Sterilization by Hypochlorites. A. Sivane, 
Tech. sanit. munic., 24: 136-40, 1929. From Chem. Abst., 24: 179, Janua 
10, 1930. Description of apparatus —R. E. Thompson. 


Boiler Feed Water Treatment. Davip Brownie. J. Inst. Brewing, 35; 
410-14, 1929. From Chem. Abst., 24: 180, January 10, 1930.—R. E. Thompson, 


Modern Boiler Water Treatment. K. Horrer. Gliickauf, 65: 1067, 1928, 
From Chem. Abst., 24: 180, January 10, 1930. A description and discussion 
of the different methods of boiler water treatment.—R. E. Thompson. 


The Chemical Control of the Preparation of Water for Boilers. V.SAzavsky. 
Listy Cukrovar, 48: 41-51, 1929. From Chem. Abst., 24: 180, January 10, 
1930. A detailed review of suitable analytical methods.—R. EL. Thompson, 


Boiler Metal Cracking. Max Hecut and D. 8. McKinney. Power, 70: 
633-6, 1929. From Chem. Abst., 24: 181, January 10, 1930. Cracking of a 
mud-drum blow-off pad was attributed to the combined effects of corrosion 
and strain.—R. E. Thompson. 


Industrial Water Treatment. I. Filtration and Lime Soda Plants. GrorcE 
Cawtey. Power, 70: 642-5, 1929. From Chem. Abst., 24: 180, January 10, 
1930. Descriptions and sectional elevations are given of a pressure sand filter, 
a cold continuous lime-soda softener, and a hot process softener.—R. E. 
Thompson. 


Tests of the Effect of Sulfate Soils and Waters on Concrete. Raymonp 
WiLson and ALBERT CLEvE. Portland Cement Assoc., Rept. of Director of 
Research 1928, 70-4. From Chem. Abst., 24: 217, January 10, 1930. Results 
of field tests. Among workable concretes there was found a close relationship 
between 28-day compressive strength and resistance to sulfate attack. The 
only concretes (without surface coatings) which were in good condition after 
7 years exposure at one site were those made with 5 gallons of water, or less, 
per sack of cement. Harsh working mixtures, lean mixtures, and very wet 
mixtures showed poor resistance to attack. Integral water- and alkali- 
proofing compounds imparted no additional resistance. Concrete coated with 
linseed oil (3 coats) was in perfect condition after 7 years’ exposure. Some 
bituminous coatings gave good protection, if good adhesion to the condnem 
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Accelerated Biological Filtration in the Waterworks Industry. Cur. 
_Wicuers. Pharm. Weekblad, 66: 694-6, 1929. From Chem. Abst., 24: 178, 
January 10,1930. Purification of municipal water supply by filtration through 
sand is usually performed at the rate of 100 liters per hour per square meter of 
filtering surface. The system at Groningen treats well water in Haren and 
surface water in de Punt. An experimental plant was erected at de Punt to 
determine whether the rate of filtration can safely be increased. Five open 
filters were constructed, each containing a 100-centimeter layer of sand over 
gravel of various degrees of fineness. They were operated to deliver 50, 100, 
200, 300 and 400 liters water per square meter per hour and tested with water 
- of varying states of purity. Chemical and biological examinations were madeé 
of the filtered water and of the flora present in the residues. It was found that 
sand filtration operates through mechanical, physical, chemical, and biological 
processes. The upper layer retains suspended matter, but this covering is not 
necessary for the bacteriological processes. Biological factors play a rdéle in 
the destruction of organic matter by oxidation. If the ratio of organic matter 
to oxygen is too high, filtration is not efficient. Bacteria are destroyed by 
- protozoa, numerous diatoms and protozoa being found in the upper layers. 
No slime coatings were observed on the sand grains. The filters operated 
satisfactorily when the rate of filtration was increased to 300-400 liters per 
square meter per hour.—R. Thompson. 
_ Removing Phenols from Waste Waters of Gasworks, etc. Posseyer-Meguin 
_A.-G. Ger. 481,738, August 27, 1922. From Chem, Abst., 24: 229, January 
- 10,1930. The waters are treated with vapors of suitable absorbents for phenol, 
—e.g., benzol, benzine, or trichlorethylene. The waters may be passed down a 


Applied Research on Corrosion for Steam Power Plants. Hans BaLcke, 


ie 24: 327, January 20, 1930. Different types of machinery used for prevention 
ae of corrosion are described.—R. E. Thompson. 


Studies on the Treatment of Milk-Products Waste. Progress Rept. No. 1. 
a E, F. Eupripge. Mich. State Coll. Eng. Expt. Sta., Bull. No. 24: 3-26, 1929. 
Pe From Chem. Abst., 24: 188, January 10, 1930. The use of ferrous sulfate and 
_ lime for chemical precipitation, if properly carried out, gives a constantly 
ae clarified effluent in good condition fer secondary treatment on a biological 
filter. Four pounds of copperas per 1000 gallons is minimum quantity for 
proper and efficient treatment. Lime or sodium hydroxide sufficient to give 
henolphthalein alkalinity is necessary for good floc formation. By adding 
opperas first, less lime is needed for floc iormation, provided waste is fresh. 

If waste is sour, the reverse order of application is necessary. Complete 
-Temoval of oxygen-consuming substances does not seem possible. In_bio- 
logical treatment, the indications are that between 70 and 80 percent of the 
xidation takes place in upper 4 feet of filter. The reduction depends largely 
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on strength of raw waste. Rate of application of waste to filter depends on 
degree of stability desired in effluent. Indications are that each square foot of . | 
filter will handle daily a quantity of waste requiring approximately 43 grams 
of oxygen based on the oxygen consumed determinations.—R. E. Thompson, 


New Reagent for the Colorimetric Determinations of Minute Amounts of 
Copper. THomas and J. A. RussELL HenpErson. Analyst, 54: 
650-3, 1929. From Chem. Abst., 24: 312, January 20, 1930. Sodium diethyl- 
dithiocarbamate gives a brown precipitate with copper ions; more sensitive 
than potassium ferrocyanide or sodium ethylxanthate test. The color is 
easily matched with standards and serves to detect 1 part of copper in 100 
million parts of distilled water. The color is the same in alkaline solutions, 
but cyanides inhibit the reaction by forming complex anion with the copper. 
To carry out the test, make the copper solution ammoniacal, add 10 ce. of 0.1 
percent solution of the reagent in water, dilute to 100 cc., and mix.—R. E£, 
Thompson. 


Industrial Water Treatment. II. Zeolite Softeners. GrorcEe CAwLEy. 
Power, 70: 716-8, 1929; cf. C.A., 24: 180. From Chem. Abst., 24: 448, January 
20, 1930. The principles of zeolite softening are explained.—R. E. Thompson. 


Antiseptic Value of Chlorine with Reference to Animal Skin Disinfection. 
R. C. Howarp, G. E. Rockweut and W. L. Crist. J. Am. Leather Chem. 
Assocn., 24: 456-72, 1929. From Chem. Abst., 24: 261, January 10, 1930. A 
study was made of the concentration and time required for disinfection of 
solutions inoculated with hay bacillus spores. Rate of sterilization decreases 
with increasing number of organisms present and in presence of sodium chlo- 
ride, organic matter, and ammonia (except in presence of organic matter). 
Treatment lasting 1 hour was necessary to sterilize solution containing 24 
millions of bacteria per cubic centimeter, and 3 hours for 120 millions, using 
120 p.p.m. of chlorine. Longer time was required for the older spores. By 
increasing chlorine concentration sufficiently, it is possible to kill all organisms 
in liquor surrounding a skin, but if the skin is then transferred to a broth, 
growth always occurs, even when chlorine concentration has been so high that 
the skins are damaged (1500 p.p.m.). Skins rapidly remove chlorine from 
solution. Addition of ammonia retards chlorination of skins and promotes 
sterilization of the soak water. Tannery effluents consume chlorine in propor- 
tion to their nitrogen and bacterial contents. Chlorine should be added to 
give a definite concentration after 15 minutes or 1 hour.—R. E. Thompson, 


Microchemical Determination of Iodine in Natural Substances. J. F. 
Reitu. Pharm. Weekblad, 66: 829-45, 1929; cf. C.A., 23: 2122, 2675. From 
Chem. Abst., 24: 313. January 20, 1930. A study of various methods for 
determining small quantities of iodine and of disturbing influence of certain 
anions such as chlorine, bromine, nitrite, nitrate, sulfate, chlorate, and bro- 
mate in titrations with sodium thiosulfate and starch—R. E. Thompson. 


Conversion of Sodium Carbonate to Caustic Soda Within Steam Boilers. 
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20, 1930. Under temperature and pressure conditions within a boiler, one-half 
to two-thirds of the carbonate will be converted to hydroxide.—R. E. 


Thompson. 


The Influence of Impurities in Oxygen and Acetylene upon Welding. W. 
Rimarski. Z. Ver. deut. Ing., 73: 1467-8, 1929; ef. C.A., 23: 4344. From 
Chem. Abst., 24: 321, January 20, 1930. Comparative experiments with 99.5, 
98.7, 98.1, and 97.5 per cent oxygen used with acetylene showed greater speeds 
at higher concentrations at all pressures employed (1 to 4 kgm./sq. em.), the 
increase being greatest at lowest concentrations. At the same prices for 
oxygen of 99.5 and 98.0 percent content, the richer oxygen is most economical. 
By preheating the oxygen the time of cutting, etc., is decreased; by this means 
the influence of high nitrogen in the oxygen may be diminished. The economy 
effected must be determined in each case. Nitrogen in the oxygen and water 
in the acetylene increased the time of melting. The skill of the operator is of 
greater importance than the factors mentioned above. A higher water content 
than 2 percent in the acetylene is to be avoided, as it causes considerable loss 
of efficiency.—R. E. Thompson. 


The Purification of Waste from Coal Mines and Coal Washings. A. Reicu. 
Gesundh.-Ing., 52: 777, 1929. From Chem. Abst., 24: 486, January 20, 1930. 
Present methods of waste treatment, including electrolysis, use of Emscher 
tanks, and the Travis system, are outlined. Free acid is often present in 
wastes from coal mines. Fish life is usually impossible in the unpurified 
waste.—R. E. Thompson. 


Investigation by Means of Diffusion Studies of Protection Against Fire and 
Explosions in Tunnels. ArtHur Rincev. Gesundh.-Ing., 52: 759, 1929. 
* From Chem. Abst., 24: 501, January 20, 1930. Analyses of gas from tunnels 
_ weremade. Explosion zones with different types and ratios of gases are shown. 
; - ‘The poisonous and explosive concentrations of carbon dioxide, carbon mon- 
oxide, hydrogen sulfide, chlorine, nitric oxide, hydrogen, acetylene, benzol, 
and methane are given. Studies were made of the rates of diffusion of the gases 
tunnels.—R. EL. Thompson. 
4 a Corrosion of Underground Steel Structures and Its Prevention. RosBErT 
_ E. Witson. J. West. Soc. Eng., 34: 578-95, 1929. From Chem. Abst., 24 
326, January 20, 1930. The phenomena which occur when iron is in contact 
with various chemical combinations and the theories regarding the same are 
discussed and the means found most effective for protecting oil pipe lines are 
——— deseribed. Special attention is paid to corrosion of the outside of pipe by the 
soil. Three essential factors are involved: the kind of pipe, the nature of the 
is - goil, and the protective coating used. Causes of coating failures are: chem- 
___ jeal or physical, due to changes in the coating material itself; and mechanical, 
ae A. % due to improper handling or other causes not directly connected with the coat- 
ing. An unbroken coating is important. Wrapping of the coated pipe with 
asbestos paper impregnated with asphalt and applying a second coating of 
asphalt to protect the fabric and give a smooth surface apparently gives the 
best results.—R. E. Thompson. 
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Soil Corrosion Studies, 1927-28. K.H. Loaan. Bur. Standards J. Re. 
search, 3: 275-302, 1929. From Chem. Abst., 24: 327, January 20, 1930, 
Bureau of Standards soil corrosion test specimens (C.A., 23: 2922) removed in 
1928 were weighed to determine the corrosion and pitting. Supplementary 
field investigations have corroborated the results, indicating that the rate of 
penetration of pits in cast iron decreases with the age of the pipe. In oil lines, 
part of the pitting is attributed to galvanic action due to concentration effects 
when a pipe passes through different soils. The laboratory tests check fairly 
well with those of 1926, indicating that the conditions of the test have reached 
a nearly steady state. There are no data showing that the tentative con- 
clusions in the earlier reports should be changed. On the average, corrosion 
and pitting rates decrease, pitting progressing more slowly than overall 
corrosion. No final conclusions are to be drawn regarding the ultimate life 
of any material.—R. E. Thompson. 


Applied Research on Corrosion for Steam Power Plants. Hans Batckg, 
Brennstoff- u. Warmewirtschaft, 11: 287-91, 345-8, 1929. From Chem. Abst., 
24: 327, January 20, 1930. Different types of machinery used for prevention 
of corrosion are described.—R. E. Thompson. 


Chlorinated Drinking Water: The Use of Activated Charcoal Filters. Karu 
Imuorr and F. Sierpv. Surveyor, 76: 225, September 6, 1929. Pure phenol 
does not impart a taste to water in concentrations as high as 1 in 1 million, but 
when chlorine is also present, taste can sometimes be detected in a dilution of 
1 in 500 million. There are a number of sources of phenol, such as coke and 
gas works, charcoal works, lignite distillation plants, protective coatings on 
mains and tanks, decomposing organic river mud, etc. In addition to phenol 
there are a number of other substances arising from similar sources which 
cause taste, e.g., cresol, xylenol, anisol, guaiacol, anthracene, naphthalene, 
ete. Tarfrom charcoal works, owing to its solubility in water, is exceptionally 
troublesome. It collects on the bottom of the stream or on the bank and gives 
off its phenol continuously. In rain water that had flowed for a short time 
over a tarred road, the authors found a phenol content of 10 p.p.m.; likewise 
in rain water and snow from the vicinity of coke plants. Black digesting or 
digested organic sludge from river bottoms has a tarry odor. If it is stirred 
up in water it gives off the same taste-producing substance. The authors have 
found that chlorine can be used without the slightest danger of taste in water 
from wells in river bottoms (infiltration galleries) if the natural biological con- 
ditions in the river and underground gravel are in proper order, even though 
the river water contains phenol. Biological conditions in the gravel are dis- 
turbed by frost and high water. Phenol pollution cannot be entirely con- 
trolled and it is therefore desirable to employ processes for removal of the 
chlorophenol taste from the drinking water itself. Sauer describes the use of 
charcoal for disinfection and purification of water in German patent 400,128. 
Wo rr used activated charcoal filter to sterilize water in the tropics. ADLER 
proposed heavy over-chlorination (3 p.p.m.), allowing reaction period of 30 
minutes, by which the organic matter is oxidized, and removing the excess 

chlorine with an activated charcoal filter. The authors have verified ApDLER’s 
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investigations and have found that loading of the filter with organic matter _ 


and other impurities like iron and manganese must be avoided. The charcoal 


filter may only be used for completely purified water. In the first experiment _ 


a strong chlorophenol taste was imparted to water by addition of 1 p.p.m. of 
chlorine and 1 p.p.m. phenol. Activated charcoal of 2 mm. grain size in a 
glass filter took up 1.5 to 2.0 percent of its weight of phenol before taste ap- 
peared in effluent. The filter can be regularly returned to its original effi- 
ciency by steaming out the phenol for 15 minutes. In an experiment on a 
larger scale, with a filter of 20 liters capacity, the first taste appeared after 
2500 cubic meters of water had passed through, equivalent to 125 cubic meters 
of water purified per liter of charcoal. The rate of filtration was 6 cm. per 
second. Following this the Ruhrverband arranged a plant scale experiment 
at one of its city water works having a daily capacity of 25,000 cubic meters, 


situated below a charcoal factory, which had experienced taste troubles for = 


years. The works were equipped with an artificial sand filter. It was neces- 
sary to place the charcoal filter in the pressure line following the pumps under 


an operating pressure of 15 atmospheres. The cross-section of the filter is an 


3 meters, the depth of filter material 2.5 meters, and the filter content 20 cubie 
meters. The charcoal was placed between 2 perforated plates having openings 
21 mm. in diameter. A fine copper sieve was placed upon the lower plate and a 
5-em. charcoal layer composed of 4-mm. grains placed upon it; then a second 
layer 5 cm. deep composed of 3-mm. grains. In the upper portion the grain 


size is 2mm. The charcoal is held in place by the pressure of the upper per- 


forated plate, the water flowing upward through the filter. Provision was 
made for releasing the air trapped beneath the filter. Steaming, which to 
date has not been necessary, is provided for by a steam line connection to the 
dome of the filter, the steam passing downward through the charcoal. The 
cost for a daily capacity of 25,000 cubic meters [somewhat over 6.5 million U.S. 
gallons} amounted to about 20,000 marks, of which half was for charcoal. 
[With the mark at 23.8 cents, the cost would be at the rate of approximately 
$720 per million U. S. gallons capacity—Asnstractor.] Good results have 
been obtained during the several months the filter has been in operation. 
The raw water has had its customary earthy, musty odor, but the filtered 
water tastes as fresh as spring water. Apparently, in addition to chloro- 
phenols, all other unpleasant taste-producing substances, such as those 
from algae and mineral constituents, are also removed by activated char- 
coal.—R. E. Thompson. 


Hamilton, Scotland, Water Supply. W.H. Purvis. J. Instn. Munic. Co. 
Eng., Lond., 1929, 54: 250. Surface supplies from neighbouring moorland 
and agricultural districts are collected in five reservoirs, Kype moorland 
supply being largest, purest, and most important. The Wellbrae and Cadzow 
Supplies are obtained from agricultural zone and are therefore more polluted. 
Total daily consumption of about 2,350,000 gallons is adequately provided 
for by total reservoir capacity of over 315 million gallons. Kype supply is 
colored, but free from suspended matter and with low bacterial content of 48 
colonies per cc. Blackbog filters, consisting of four slow sand units, operated 
at rate of 3 inches per hour (about 2 million U. 8. gallons per acre per day), 
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are used to purify this supply. Color is reduced from 16 to 14 (platinum 
standard), and bacterial content to 19 colonies per cubic centimeter. Water in 
Wellbrae and Cadzow Reservoirs, which is highly colored and somewhat 
polluted, is treated at Townhill, where original slow sand filters have recently 
been replaced by three rapid sand units of Jewell type, with coagulation and 
sedimentation basins, the only filters of this type in Scotland. Weston rate. 
controllers have proved very efficient. Washing is at rate of 7 gallons per square 
foot (about 14 inches) per minute, sand being thoroughly agitated by rakes 
meanwhile. Five percent solution of filter alum is added to raw water with 
automatic coagulant feed apparatus. Filtration reduces color from 9.5 to 
1.2 (platinum standard), and bacteria from 254 to 4 per cubic centimeter; B, 
coli are absent in 50 cc. of filtered water. Diagrams and photographs of 
Townhill filters are appended.—M. H. Coblentz (Courtesy of the Department 
of Scientific and Industrial Research, Water Pollution Research Board). 


Water Problems in France. Engineer, 1929, 147: 700. Congress on Inland 
Waterways organised by Ligue Générale pour |’Aménagement et |’ Utilisation 
des Eaux. SENTENAC described Paris water supply. Some water is taken 
direct from Seine and Marne and used unfiltered for municipal and other 
services. With this exception, supply is from spring water supplemented by 
filtered and sterilised water from Seine and Marne. Spring water supply is 
insufficient and river supply limited by needs of navigation; so that plans have 
been made for drawing water from underneath old bed of Loire. Large barrage 
reservoir will be constructed to control Loire. Commission has been formed 
to consider effect on Loire of this proposal. Suauer dealt with barrage 
reservoirs to be erected in upper valley of Seine. Visits were paid to St. 
Maur and Ivry pumping and filter stations. The method of cleaning filter 
beds at St. Maur by water under pressure is described. St. Maur uses mainly 
chlorine for sterilisation, but uses also an elaborate ozone plant which, owing 
to its cost, is regarded as experimental. The varied equipment «f the pumping 
station is described. Reference is also made to new water tower at Mont- 
martre.—M. H. Coblentz (Courtesy of the Department of Scientific and Indus- 
trial Research, Water Pollution Research Board). 


The Hydrology of the Portsmouth District. D.H.THomson. Engineering, 
1929, 128: 55. Read at Annual Meeting of British Waterworks Association, 
July 2-5, 1929. From record, almost unbroken over period of 94 years, of 
well at Compton, much information regarding underground water conditions of 
the Downs can be gathered. Wells at Havant and Bedhampton which supply 
Portsmouth with water, are in a restricted area on which underground drain- 
age from extensive tract converges.—M. H. Coblentz (Courtesy of the Department 
of Scientific and Industrial Research, Water Pollution Research Board). 


The Biological and Chemical Purification by Aération. F. Srerp. Das 
Essener Heft. Kl]. Mitt. der Landesanstalt fur Wasser-, Boden-, u. Lufthyg., 
Supplement 5: 1927: 133. Self-purification of sewage and, arising therefrom, 
the self-purifying process in rivers are discussed and work of many investiga- 


tors on absorption of oxygen from the air is referred to. Natural biological 
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process of oxygen formation by plants and phytoplankton is described. Per- 
missible stream pollution must be proportioned to oxygen content. Processes 
for purification of pickling and wool washing waters are discussed.—M. H. 
Coblentz (Courtesy of the Department of Scientific and Industrial Research, 


and 

rate- Water Pollution Research Board). 

juare 

-akes The Solution of Oxygen. A. S. Parsons and H. Wixtson. Paper 13 T, 
with Public Works, Roads, and Transport Congress, 1927. Experiments on effi- 
5 to ciency of oxygen absorption by liquids from air are described and question 


 B discussed as to whether oxygen is obtained from broken atmospheric surface, or 
from air bubbles. Laws of solution and work of ADENEY are quoted. Experi- 
ments were carried out in two 18-inch pipes, one 7 feet deep and the other, 25 
feet, each supplied with a diffuser. As result of sampling difficulties, which are 
discussed, opinion was formed that water projected under pressure into air and 
land against some solid object very rapidly absorbs oxygen. As result of further 
experiments, authors also conclude that theory that oxygen is not readily dis- 


ce solved from air bubbles cannot be maintained.—M. H. Coblentz (Courtesy of 
ther the Department of Scientific and Industrial Research, Water Pollution Research 
1 by Board). 
— Treating Sewage &c. Exxineton,H.D. E.P. 312,754. Ill. Off. J. Patents. 
rage 1929, No. 2114, 3757. Sewage or industrial waste waters may be purified by 
med rendering alkaline (to pH between 8 and 11), precipitating colloids by adding 
rage electrolyte, and precipitating matter in suspension by adding coagulant. 
St. Lime may be used as alkaline reagent, calcium sulphate as electrolyte, and 
Iter ferrous sulphate as coagulant. The three materials may be added to sewage 
inly asmixture. Sludge obtained from waste acid liquors from pickling vats of steel 
ring mills and consisting mainly of calcium carbonate, calcium sulphate, and ferrous 
ving hydroxide, can be used as major portion of treating mixture, with lime and 
ai ferrous sulphate added to secure requisite amount of alkali and coagulant. 
wuts Dust from electrical or mechanical precipitators employed in manufacture of 
cement can also be used for same purpose, and dried and pulverised matter 
from settling tanks used for clarifying various waste liquors from alkali plants 
ng, for producing chloride of lime, chlorine, and caustic soda is also a suitable 
on, material. Calcium chloride, barium chloride, strontium chloride, osmium 
of chloride, thallium chloride, thallium sulphate, titanium chloride, thorium 
~ chloride, and zirconium chloride and sulphate are also mentioned as suitable 
ply electrolytes. Colloidal content of liquid under treatment may be prelim- 
ial inarily determined by dialysis carried out at low temperature with exclusion 
ont of oxygen.—M. H. Coblentz (Courtesy of the Department of Scientific and 
Industrial Research, Water Pollution Research Board). 
es Purification of Waste Waters from Beet Sugar Factories. H.M. Wiison and 
8 J. H. GARNER. Surveyor, 1928, 74: 185; Wass. u. Abwass., 1929, 26: 3, 87. 
a, Insufficient purification of many beet sugar factories’ effluents and cost of good 


clarification. Authors urge closer study of modern technique.—M. H. Cob- 
lentz (Courtesy of the Department of Scientific and Industrial Research, Water 
Pollution Research Board). 
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<2 Treatment of Waste Waters from the Beet Sugar Industry. J. T. TRavurs 
Sis A.P. 1,711,105. Chem. Zbl., 1929, 2: 4, 502. Precipitation of organic matter 
= by means of alkali (e.g., lime) and electrolyte (such as calcium sulphate, mag. 

i nesium sulphate, or iron sulphate). Of special value is addition of cement dust, 
7 To 1000 parts of waste water there should be added 7 to 8 parts of a mixture of 


search Board). 


40.8 percent cement dust, 17.1 percent CaSQ,, 30 percent calcium hydroxide: 
12.1 percent FeSQ,. This will precipitate proteins and starches and coagula. 
tion will follow by formation of iron hydroxide.—M. H. Coblentz (Courtesy 
of the Department of Scientific and Industrial Research, Water Pollution Re. 


Effect of the Effluents of a Sugar Factory on the Stream. MartTscuky. 
f. d. Zuckerindust., 1929, 37: 19, 520. Conditions at Ottmachau sugar factory 
are briefly summarised. Oxygen content was taken as measure of possible 
a harmfulness to fish. Effluents, after settling, flow into the Neisze. 
two or three days during campaign, duplicate samples were taken from river at 
following stations: (1) just above effluent discharge; (2) 100 meters below dis. 
Pr charge, and (3) 1 km. below discharge. One sample in each case was tested at 
ye. once by WINKLER’s method and the other, after 24 hours. Results of tests are 

ee given diagrammatically and, for comparison, curve of Winkler’s figures for 


oxygen saturation equilibrium in pure water at different temperatures and 
normal pressure. In 1927, river flow gave 36-fold dilution of effluent, but in 
1928, only 28-fold. Increase of oxygen content at station (3) may be explained 
by bend in river between (2) and (3), where shallows act like weirs in promoting 
aération. Tests show that river is not unduly polluted by effluents from sugar 
factory.—M. H. Cobleniz (Courtesy of the Department of Scientific and Indus- 


trial Research, Water Pollution Research Board). 


Solution of Phenol Troubles in the West Virginia-Pennsylvania Area along 
the Monongehela River. E. S. Tispaue. Proc. Lake Michigan Sanitation 
Congress 1928, 4: 3,14. While provisions of Inter-State Stream Conservation 
Agreement between Ohio, West Virginia, and Pennsylvania were under dis- 
cussion, West Virginia State University, State Health Department, and Fair- 
mont Domestic Coke Corporation developed treatment process for phenol 
wastes. Plant erected at Fairmont works maintains efficiency of 97 percent 
phenol recovery and pollution of downstream water supplies has practically 
disappeared. Process is not expected to be financially burdensome.—M. H. 
Cobleniz (Courtesy of the Department of Scientific and Industrial Research, 


Water Pollution Research Board). 


The Treatment of Spent Gas Liquors. A. C. Monknouse. Conferenceof 
the Assoc. of Managers of Sewage Disposal Works, July 5 and 6, 1929. Con- 
version of ammonia liquor into salable products involves spent gas liquor 
effluent. Manufacture of ammonium sulphate is described and composition 
of effluents, spent liquor from still and ‘‘devil’’ liquor from gas coolers, is 
given. Noxious constituents are phenols, higher tar acids, thiocyanate, and 
thiosulphate. Percolating filter beds, matured by town sewage and then 


by addition to town sew age of gr increasing of 


. 
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spent gas liquor, were found by experiment to deal satisfactorily with town 
sewage containing 8 percent of spent gas liquor at rate of 60 gallons per cubic 
yard per day. With two filter beds in series, 85 percent purification was 
obtained. Filter beds thus acclimatized can treat admixtures up to 8 percent 
of spent gas liquor with purified effluent without loss of efficiency. Prepara- 
tion and use of filter beds installed at Foleshill Gas Works, Coventry, England, 
are described. Logical procedure on grounds of space and cost is, however, to 
treat liquor with sewage at sewage works. Evaporation of ‘‘devil’’ liquor 
reduces work of purification by about 20 percent. Phenol removal by volatili- 
sation, by washing with solvents, and by activated carbon is referred to. 
Chemical oxidation is too expensive. Effluents Committee of Institution of 
Gas Engineers has paid particular attention to possible modifications in proc- 
esses of gas manufacture with view to reducing proportion of noxious con- 
stituents. Separation of tar by precipitation from hot gas before condensation 
lowers amount of higher tar acids and, therefore, of color in liquor; but mono- 
hydric phenol content and total oxygen absorption value are increased. Meth- 
ods for reducing thiocyanate and thiosulphate content have been introduced 
with success. Production of ammonium sulphate is no longer very profitable 
‘and disposal of effluent liquors constitutes a further burden on process.— 
M. H. Coblentz (Courtesy of the Department of Scientific and Industrial Re- 
search, Water Pollution Research Board). 


The Effect of Industrial Wastes on Filtration. J. R. Bayuis. Proc. Lake 


5 | Michig: in Sanitation Congress, 1928, 4: 3,4. List is given of industries whose 


_ effluents have been known to pollute water supplies, and those affecting Lake 
_ Michigan in vicinity of Chicago are specially noted. B. coli content of 1 per 
1000 cc., annual average, and turbidity of 0.2 p.p.m. are necessary standards 
for drinking water. Efficiencies of coagulation, filtration, chlorination, and 


softening by excess lime treatment are discussed. Where phenol pollution is 


— tastes. Problem of liability for cost of eliminating pollution is discussed.— 


ate even excess lime treatment without use of chlorine will not prevent 


_M. H. Coblentz (Courtesy of the Department of Scientific and Industrial Re- 


search, Water Pollution Research Board). 


The Disposal of Industrial Wastes. E. S. Cuase. Proc. Lake Michigan 


Sanitation Congress, 1928, 4: 3, 10. Brief discussion of composition of in- 


dustrial wastes, their effect on streams, sewers, and sewage treatment, special 


methods of treatment, and question of legal control of pollution—M. H ele 
Coblentz (Courtesy of the Department of Scientific and Industrial Research, 


Slater Pollution Research Board). 


Disposal of Effluents in the Textile Industry. C.H.M6.uerine. Z. angew. 


Chem., 1929, 42: 424. Effluents from cloth manufacturing, cloth-finishing, is 


and wool washing, which are notably high in soap and fat, when discharged _ 


directly into streams, do not lead to pollution, but recovery of soaps and fats sae 
is economically desirable. Suitable processes for this purpose are known, but = 


are little used. Treatment of wool washing wastes, as typical textile effluents, 
is described. Raw wool is washed twice, first with clean water and secondly — 
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with soap and soda solution containing organic fat solvent. First washings 
are evaporated and burnt residue, containing from 65 to 70 percent potassium 
carbonate, is sold as crude potash. Second washings contain about 0.2 to08 
percent wool fat, 0.2 to 0.12 percent soap, 0.01 to 0.04 percent soda, and organie 
and inorganic impurities including nitrogenous wool decomposition products 
resulting from alkali attack ranging from emulsions to true solutious, form- 
inga colloidal system. Degree of emulsification of fat depends on temperature 
and on peptizing effect of soap present. The pH lies between8 and 9, indicating 
that albumen present is in form of sodium proteinates. Both mechanical and 
chemical treatments are available. Most important chemical method is 
coagulation with sulphuric acid, which removes insoluble soaps and fatty 
acids, keratin decomposition products, emulsified fats, and certain colloids, 
some of which are adsorbed by soap decomposition products. Magnesium 
chloride is now being recommended as a coagulant, avoiding expense of neu- 
tralizing acid effluent. Fats extracted from dried sludge. Raw fats are 
further treated to obtain pure wool-fat, fatty acid, neutral wool fat, and Adeps 
Lanae. There are two mechanical purification methods. Foam process con- 
sists in formation of foam by blowing in air. Keratin decomposition products 
form film round bubbles, adsorbing emulsified soap-fat particles, and con- 
centrating from 60 to 70 percent of total fats in foam. Disadvantage of this 
process is difficulty of separating fat from other impurities in foam. Various 
ways have been patented. One method is to treat foam with alkali, and heat 
in autoclave. Alternatively impure liquid may be decanted from foam and fat 
removed by coagulation. Second mechanical method is by centrifuging in 
powerful separators. G. de Laval plate centrifuge and Sharples super-cen- 
trifuge are the most efficient machines. First, with 6000 r.p.m., has greater 
capacity than the more sensitive supercentrifuge with 15,000 r.p.m. Fatty 
layer is first separated from effluent and then centrifuged and pure fat freed 
from water. This process also removes only about 60 to 70 percent of emulsi- 
fied fat. The very finely dispersed phyto, or cholesterin, portion of the fat 
emulsion cannot be removed by any known method.—M. H. Coblentz (Courtesy 
of the Department of Scientific and Industrial Research, Water Pollution Re- 
search Board). 


Effect of the Effluents of a Sugar Factory on the Stream. Marscuky. Cbl. 
f. d. Zuckerindust., 1929, 37: 19, 520.—M. H. Coblentz (Courtesy of the Depart- 
ment of Scientific and Industrial Research, Water Pollution Research Board), 


The Poisonous Property of Salts of Some Heavy Metals. G. EsE.ina. 
Z. f. Fischerei, 1928, 26: 1, 49; Wass. u. Abwass., 1929, 26: 3, 95. Experiments 
were made on poisonous effect of salts of heavy metals on rainbow trout. 
Copper salts were found to be most harmful, 0.5 p.p.m. being fatal to adult 
trout. Iron, as ferrous or ferric oxide, was dangerous at concentrations from 
10 p.p.m. and zine, at from 2 to 3.5 p.p.m. One part per million of aluminium 
sulphate did no harm, but 5 p.p.m. killed fish in 5 minutes. Precipitation of 
these salts also causes damage by coating banks and bed of stream so that 
normal plant development is hindered and fish disappear.—M. H. Coblentz 
(Courtesy of the Department of Scientific and Industrial Research, Water Pollu- 
tion Research Board). 
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Coal Mine Drainage for Purifying Streams. Colliery Guardian, 1929, 139: 
526. Drainage from majority of coal mines is acid and deleterious to streams 
into which it flows. The Pittsburgh Experiment Station of the U. 8. Bureau > 
of Mines has studied the drainage from a considerable number of mines in the 
thick Freeport Bed in vicinity of Pittsburgh. These waters are strongly 

alkaline and aid in neutralising any harmful acidity. Alkalinity is due to 
underground water entering the workings containing more than enough alkali 
to neutralise all acid met with in mines. Acid water is sometimes present in 
one section of mine, but combined stream of effluent water is always alkaline.— — 
M. H. Coblentz (Courtesy of the Department of Scientific and Industrial Research, 
Water Pollution Research Board). 


Stream Pollution and Industrial Waste Investigations of the United States 
Public Health Service. H. R. Cronurst. Proc. Lake Michigan Sanitation 
Congress, 1928, 4: 3, 25. Account of formation and activities of United States _ 
Public Health Service, which is carrying out studies of biochemistry of sewage _ 
and industrial wastes, pollution and natural purification of several water- __ 
courses, operation and efficiency of sewage plants and water purification x 
plants, and types and treatment of industrial wastes—M. H. Coblentz (Cour- _ 
tesy of the Department of Scientific and Industrial Research, Water Pollution os ee 
Research Board). 


The Function of the City Sanitary Engineer. Jorn I. CONNOLLY. Municipal © 
Sanitation, 1: 1, 22, January, 1930. This comprehensive article includes 
several sections of interest and value to water sanitarians. New facts on ee a 
water supplies. Hospital supplies, both of drinking and of sterilized water, 
have been found dangerously polluted by drainage or by siphonage from fix- a 
tures and sterilizers directly connected to distribution system, when pressure Be 
in latter becomes low. Stock supplies of sterile water may, in turn, become — = 

contaminated through leaky valves on sterilizers. Low water pressure may ee ae 
cause pollution by siphonage from trap seals and urinals if these are not con- eae ; 
structed to prevent it. Sources of typhoid affecting traveling public. Anun- _— ca 
determined, but relatively small, proportion of vacation typhoid is probably © > 
contracted aboard trains, vessels, and vehicles obtaining water from city > 
supplies. Preventive measures include water treatment aboard carrier; 
co-operative control by municipality and by U. S. Public Health Service; 
special water connections at docks, piers, and levees; restriction of use of = 
toilets and of navigation in zones of municipal water intakes; and inspections _ me 
of water and sewage connections of coaches in railroad terminals. Water 
purification. The engineer should assure himself periodically that crib (water- 
intake) tenders are not intestinal disease carriers and that suitable disposition 2 hi! 
is made of their sewage. He should thoroughly familiarize himself with puri- _ 
fication system especially with its weak points, in order to cope successfully =| 
with emergencies. Assurance should be had that plant and distribution sam- oa 
ples are systematically collected and analyzed by standard methods of the | 
A. P. H. A. Prompt report of tests essential. Presumptive as well as com- — 
pleted B. coli tests should be promptly reported to the engineer. Contain: a 
Residual by o-tolidin test should be determined from 
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time to time at points in distribution system and hourly, or oftener, at dosage 
point. Constant vigilance is necessary in order to maintain residual chlorine 
above prescribed minimum; any changes should be immediately reported to 
engineer in charge. Construction and control of swimming pools and pollution 
of water supply by sewage and trade wastes are matters which properly belong 
under jurisdiction of city engineer who should co-operate with state sanitary 
engineer.—R. E. Noble. 


Swimming Pools Abroad are Well Protected. Municipal Sanitation, 1; 1, 
36, January, 1930. Contents of 370,000-gallon swimming pool at Hammer. 
smith, London, England, are completely circulated every 6 hours. Water is 
treated with alumino-ferric and ammonia, filtered, aérated, and chlorinated 
(0.5 p.p.m.).—R. E. Noble. 


Ohio Stream Pollution to be Studied. Municipal Sanitation, 1: 1, 96, 
February, 1930. F.H. Warrina, chief engineer of Department of Health, and 
Prof. Joun C. Prior, of Ohio State University, have been assigned to investi- 
gate problem of stream-pollution control. Objects are: (1) to present existing 
status of stream pollution; (2) to report upon corrective measures now in 
effect; (3) to devise reasonable measures for further amelioration. Stream- 
pollution will be investigated from three different standpoints: (1) effects 
upon public water supplies derived from surface sources; (2) abatement of 
nuisances to public health or comfort; (3) conservation of Ohio streams to 
effect greater public benefits. Further plans include consideration of pollu- 
tion agencies in order of their importance, such as municipal sewage and in- 
dustrial wastes, and of their natural or semi-natural effects.—R. EF. Noble. 


Higher Court Decisions. Injunction Against Stream Pollution. Municipal 
Sanitation, 1: 10, 576, October, 1930. Meriwether Gravel Co. v. State, 26 
S. W. (2d) 57. Defendant discharged water used to wash gravel into nearby 
stream, sullying same. Injunction granted.—R. E. Noble. 


Notes on the Determination of Biological Oxygen Demand. (Abstracts of 
paper presented before Central States Sewage Works Assn.) Wi.uram D. 
HatFIELD. Municipal Sanitation, 1: 10, 581, October, 1930. Standard 
methods (A. P. H. A.) procedure for this test is tedious and calls for elaborate 
equipment. This results in great lack of uniformity throughout the country 
and is conducive to error. Dilution method and rubber stoppers are found 
unsatisfactory. Dilution method is, however, accurate to within 5 percent, 
provided that (1) incubation bottles are carefully cleansed with cleaning solu- 
tion, rinsed thoroughly, and dried and (2) dilution water is not toxic to normal 
bacterial flora and is well stabilized in regard to its own organic content. Dis- 
tilled water should not be used, because it is toxic and gives low results. So- 
dium bicarbonate solution in distilled water, 500 p.p.m., is much better, but 
gives lower results than natural waters. A standard synthetic dilution water 
should be adopted, to contain calcium, magnesium, sodium, bicarbonate, 
sulphate, and chloride ions. At Decatur, Illinois, the softened and chlo- 
rinated city tap water as dilution water gave very bad results.—R. E. Noble. 
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Hydro-Electric Engineering in Great Britain in 1930. Engineer, 151: 13, 
1931. The important Lochaber plant for aluminium production, which will 
have eventual capacity of 120,000 h.p., entered into operation during year. 
Tunnel 15 miles long and of 15 feet effective diameter has been bored in solid 
rock and waters of 11 streams have been diverted by dams and led into tunnel. 
The two pipe lines are of lap-welded steel, of spigot and faucet type; all joints 
were electrically welded inside and out and not a single weep showed. Work 
has begun on Grampian works, designed for distribution of electricity, and 
part of a much larger scheme, involving construction of concrete dam 1360 
feet long and 57 feet high, piercing of two tunnels 14,470 feet long, laying of 2 
riveted steel pressure pipe lines 2700 feet long and 8 feet in diameter, and 
building of power house with initial capacity of 32,000 k.w. in 2 units.—W. G. 


Carey. 


Water Power Resources of Africa. Engineer, 151: 47, 1931. Mr. L. B. 
WoopwortuH at South African Institute of Electrical Engineers states that 
while estimated potential water power of Northern America is 62 million horse 
power, that of Africa is 190 million. Of this amount, 44 million horse power 
is available in British possessions, but major portion is controlled by Bel- 
gium.—W. G. Carey. 


Bursting of Water Mains. Metropolitan Water Board Report. 120 pp. 
Engineer, 151: 79-80, 1931. Metropolitan Water Board Sub-Committee re- 
port that causes of failure of mains are: (a) excessive vibration caused by 
traffic, when main is too near surface, (b) direct blow from traffic, transmitted 
through walls of a pit, or through solid concrete, placed immediately over main, 
(c) subsidence of ground, owing to deep foundations, or to pumping operations 
for reduction of level sub-soil water, (d) excessive depth of cover over unpro- 
tected main, (e) faulty castings. Steel pipes adequately coated to resist 
corrosion are recommended for trunk and for large high-pressure mains.— 
W.G. Carey. 


A Water Plant to Include Carbonation, Softening and Filtration. L. R. 
Howson. Water Works Eng., 84: 3, 157, February 11, 1931. Cedar Rapids, 
Iowa, new water works takes its supply from Cedar River. Low-lift station is 
located 4,500 feet upstream from main purification plant and is operated by 
remote control. Aération is through nozzles of ‘“‘Sprayco’’ type, each having 
discharge capacity of 115 g.p.m. at 15 feet head. Chemicals are received in 
bulk and are unloaded by vacuum system. Four dry-feed machines are pro- 
vided. Chemicals are added in premixing basin, having storage period of 
two minutes, agitation being effected by baffling supplemented by air-dis- 
charge through perforated pipes at bottom of basin. From pre-mixers, water 
passes to two mechanically operated stirring basins. Settling basins have 
detention of two hours, at rated plant capacity, and are arranged to be oper- 
ated in series, or parallel; normally, however, in series on account of prac- 
ticability of returning for use in second basin sludge recovered from the first. 
Water is recarbonated with carbon dioxide generated by oil burner under 
boiler. Four mechanical gravity filters, of 3-m.g.d. capacity each, treat re- 
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si og carbonated water. Depth of sand is 30 inches and of gravel, 21 inches. Under. 
drain system consists of manifold with laterals perforated with 3-inch holes gt 
 6-inch centers. Clear well of 600,000 gallons capacity is directly under filters, 
_ Building is of Gothic type with brickwork selected to match the stone trim~ 
Lewis V. Carpenter. 


a "4 When Water Rent Becomes a Tax. Leo T. Parker. Water Works Eng, 
+84: 3, 161, February 11, 1931. Bills for water furnished by municipal water 
- companies become collectable as taxes only after special legislative enactment 
to this effect. Courts usually hold that water company cannot shut off water 
_ when payment of a bill is held up during litigation. When municipality pur. 
_ chases land for city purposes, it becomes tax free and court cannot collect 
i amount of past due taxes from previous owner. Street railway is not liable 
_ for payment for street improvements between its tracks, unless it specifically 
agrees to the improvement. This decision has been made many times, in 
_ spite of state laws and municipal franchises to the contrary. It has been 
held that when bathing in a pond, or stream, from which a city takes its water 
supply, may contaminate the water, such bathing, even by lessee of cottage 
and land abutting on pond, is not seseneble use of riparian right. Higher 
court held manufacturer of water faucet liable in damages when handle broke 
and seriously cut hand of person turning on water. Landlord was held liable 
when water froze in an upper story and destroyed merchandise on first floor, 
i because landlord did not provide tenant with means of cutting off water— 
Lewis V. Carpenter. 


Legal Aspects of Water Pollution. Leo T. Parker. Municipal Sanitation, 
: 3, 129-131, March, 1931. What is Police Power? In its broadest signifi- 
cance, it is sovereignty itself. In its narrower sense, it signifies the govern- 
_ mental power of conserving and safeguarding public safety, health, and wel- 
fare. Its scope is not unlimited, and validity of any mandate promulgated 
under it is for determination of the courts. Surface Water Pollution. It is 
well settled that owner of upper land cannot be prevented from permitting 
natural flow of water from his land, although it may be such as to pollute 
lower land, or streams. This rule applies to natural flow only, as from rain, 
snow, springs, and drainage without any defined channel. Governmental and 
Ministerial Functions vs. Water Pollution. A municipality will not be held 
liable in damages for negligence in the exercise of its governmental powers of 
a public nature; but it is liable for damages caused by neglect of its private 
duties, which are ministerial. City Liable for Water Pollution. Only where 
business, or work, of the municipality is confined to exercise of a strictly 
governmental function, free from any active wrong-doing on its part, is im- 
munity from responding in damages to persons injured through negligence 
of its public officers, agents, or servants, warranted. When Cemetery 1 
Nuisance. If cemetery undoubtedly will pollute municipal water supply, 
it is a legal nuisance and Court will enjoin interring bodies therein. In order 
for such injunction, it must be proved conclusively that germs therefrom will 
pollute water. Damage Allowed for Water Pollution. A railway train was 
wrecked. Several tank cars of oil burst and thn ground beonate saturated with 


eae 1088 ABSTRACTS OF WATER WORKS LITERATURE 
| oil 
i 
oil 
M 
fo 
by 
co 
pl 
is 
ar 
he 
st 
D 
of 
of 
W 
it 
re 
it 
i 
I 
| 
va 


VOL. 23, NO. 7] ABSTRACTS OF WATER WORKS LITERATU RE 1089 


oil. Railway company failed to dig into the ground and eliminate spilled 
oil, result being that it seeped for several months into a nearby stream, pollut- 
ingsame. Cases are cited under all but one of above headings.—R. E. Noble. 


Improved Drinking Facilities in Places of Employment. Marie CorreELu. 
Municipal Sanitation, 2: 2, 71, February, 1931. Types of drinking facilities 
found in many places of employment and lack of regulation of this problem 
by most States indicate that more effective action is needed to prohibit use of 
common cup and to prevent installation of equally unsanitary fixture in its 
place. Although for over 13 years it has been known that vertical-jet fountain 
is unsanitary and that better designs are available, yet vertical-jet fountains 
are still manufactured and installed. Health officials and sanitary engineers 
have made efforts to correct this condition, by sponsoring adoption of three 
standards for sanitary drinking fountains; but since in only 18 States and in 
District of Columbia is use of angle-jet rather than vertical-jet fountains 
officially recommended, effort should be made to secure more general adoption 
of these standards in interest of public health —R. E. Noble. 


Endemic Goitre and Myxceedema. J. WaGner-JaurEGG. Wien. Klin. 
Woch. 1930, 5: 43, 1-6. From Bulletin of Hygiene, 5: 12, 941, December, 
1930. Etiology of endemic goitre remains obscure, but there is no doubt that 
it can be prevented by supplying regularly small quantities of iodine. Inverse 
relation between amount of iodine in soil and water of a district and prevalence 
therein of endemic goitre frequently holds good; but exceptions recorded make 
it difficult to regard iodine deficiency as only exciting cause. Theory of bac- 
terial pollution of drinking water will sound convincing only if specific organ- 
isms are isolated which occur in endemic regions and are absent in regions free 
from goitre—Arthur P. Miller. 


Relationship of Iodine in Soil and Drinking Water to the Chronic Hyper- 
trophic Type of Endemic Goitre. R. McCarrison. Eastern Assoc. Trop. 
Med., Trans. Seventh Congress, British India, 1927, 5: 3, 455-6. From Bul- 
letin of Hygiene, 5: 12, 942, December, 1930. In Himalayan India, endemic 
goitre is more common in iodine-poor than in iodine-rich localities. However, 
it is possible for goitre to be widespread in villages where water supply contains 
relatively large amounts of iodine, while, on the other hand, very minute 
quantities of iodine may be found in water of villages where goitre is extremely 
rare. Essential cause of disease is conjectured rather to be toxic action of 
bacteria present in intestinal tract than iodine deficiency; but latter favors 
its development.—Arthur P. Miller. ‘ae 

Goitre in School Children. The Incidence of Goitre in School Children in 
Relation to the Amount of Iodine in Soil and Water in Certain Districts of the 
North Island of New Zealand. R. A. SHore and R. L. ANDREw. Depart- 
ments of Health and Scientific and Industrial Research. 1929. Wellington. 
From Bulletin of Hygiene, 5: 12, 942, December, 1930. Careful examination 
was made of relation between incidence of goitre and iodine content of soil. 
— of this work gives anaes of soil and water analyses in various districts 
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and incidence of goitre among children therein and discusses relation betwee 
observed incidence and iodine-content in soil and water. In most instaneg, 
high iodine content was concurrent with low goitre incidence and vice vergy 
Exceptions to this were noted. Analyses of soil from many parts of world 
indicated that usual iodine content varied from 6 to 60 parts in ten million, 
In New Zealand work, values of 10 to 200 parts in 10 million were considered 
low, and values above 400, high.—Arthur P. Miller. 


Advisory Committee on Water. Second Report of Legislation Sub-com. 
mittee. Ministry of Health. A. R. Arxry, A. B. E. Buackspurn, A, 
CoRNEWALL-WaLKER, F. W. Macautgy, W. Terrey. 1929. London, 
H.M.8.O. From Bulletin of Hygiene, 5: 12, 969, December, 1930. Attention 
was given to definitions of ‘‘domestic supply’’ and ‘‘supply pipes.’’ Recom. 
mendation was made to secure powers for penalizing waste of water and 
proposals were advanced to revise financial provisions of Act of 1847. Amend. 
ments to Waterworks Clauses Acts were also offered.— Arthur P. Miller. 


St. Lythans Reservoir. Urban District of Barry, South Wales, Inaugurates 
New Water Supply Scheme. ANon. Water and Water Engineering, 32; 
381, 461-463, October 20, 1930. In response to need for additional water in 
high pressure district of Barry, where yield from local wells is insufficient, 
Taf Fechan Water Supply Board arranged to make good the deficiency. Article 
describes the new works, including pipe lines and reservoir, necessary to bring 
the new supply to area needing it.—Arthur P. Miller. 


Kniveden, England, Reservoir. Proposed Construction under the Leek 
Urban District Council Water Act, 1925. W. E.Bracuam. Water and Water 
Engineering, 32: 381, 464-467, October 20, 1930. Under previously procured 
authority, Leek Urban District will build additional, 1-m.g. concrete reservoir 
which will be used to supply higher part of district, consuming about 300,00 
gallons per day. Design of reservoir, embodying usual principles involved in 
such work, and necessary pipe lines tying new reservoir into general water 
system, are described.—Arthur P. Miller. 


Waterworks Construction. III. Pipe Laying. M. Rarciirre Barnett. 
Water and Water Engineering, 32: 381, 470-472, October 20, 1930. In fore- 
casting delivery of water by pipe line at intervals during a period of years 
after laying, it is unwise to formulate generalizations based upon a few special 
eases. Although small diameter pipes may lose much carrying capacity due 
to incrustation, large pipes (40-inch to 44-inch) do not suffer in same propor- 
tion, because incrustation does not continue to grow, but remains stationary 
after reaching thickness of from 1 to 14 inches. Author contrasts theoretical 
deductions as to carrying capacity with instances under his constant observa- 
tion. In one case, four year old pipe was found to deliver 50 percent in excess 
of calculated capacity, instead of theoretical 21.7 percent less. Reduction 
in carrying capacity may be caused by constructional, or other unknown ob- 
structions in pipe line. Valves of insufficient diameter exert serious retarding 
influence, when reduction in is abrupt.— Arthur P. 
Miller. 
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Sand Spun Cast-Iron Pipes. A New Development by the Staveley, England, 
Corporation. Anon. Water and Water Engineering, 32: 381, 472-474, October 
20, 1930. Article describes manufacture of cast-iron pipes in sand-lined 
molds by centrifugal process. Advantages are: (1) impossibility of pipes 
being chilled, making annealing unnecessary; (2) elimination of cores; (3) 
production of homogenous and close-grained metal; (4) elimination of strain, 
by leaving pipes in molds until quite cool; and (5) additional strength with 
less metal, thereby reducing weight and permitting longer lengths.—Arthur 
P. Miller. 


Chemical Precipitation of Humic Pigments. Dr. C. P. Mom. From 
Water and Water Engineering, 32: 381, 476-477, October, 1930, and 32: 383, 
526, November 20, 1930. In swampy coastal regions of East Sumatra, only 
very darkly colored peat water is available in any quantity. Bagan Si Api 
Api, an important town in this area, with fire system using this water, desired 
also to have piped supply of suitable drinking water. This led to experiments 
on chemical purification of the water. Results may be summarized as follows. 
(1) Coagulation of humic matter by means of alum is effected by simultaneous 
influence of hydrogen ions, aluminum ions, and colloidal hydrous aluminum 
oxide. (2) With ferric salt, coagulation is accomplished by simultaneous 
action of hydrogen ions, ferric ions, and colloidal hydrous ferric oxide. (3) 
If free chlorine is present, part of organic matter fails to coagulate because 
of destructive effect of chlorine on humus colloids.—Arthur P. Miller. 


Chelmsford’s, England, Water Supply. Opening of New River Works. Anon. 
Water and Water Engineering, 32: 381, 411-415, September 20, 1930. Instead 
of drilling additional wells, Chelmsford’s new supply is being taken from River 
Chelmer. Purification, based primarily on experience of Southend Water- 
works Company with similar water, is by treatment with alum and excess 
lime, followed by recarbonation and pressure filtration—Arthur P. Miller. 


Removal of Lead, Zinc, Copper, and Tin from Drinking Water by Means of 
Base-Exchange Materials. B. A. Apams. Water and Water Engineering, 
32: 381, 415-419, September 20, 1930. Experimental work, performed under 
auspices of Water Pollution Research Board (England), shows that traces of 
lead, zinc, copper, and tin salts in solution are exchangeable with base-ex- 
change materials and that presence of excessive amounts of calcium, magne- 
sium, sodium, and other ions usually present in drinking waters do not affect 
the process. Except with copper salts in presence of citric acid and citrates, 
acids and alkalis do not interfere. Such copper salts may be removed with 
manganese permutite. The amount of either lead, zinc, or copper, exchange- 
able with ‘‘Kenzelite,”’ a glauconite material, equals its calcium exchange value. 
Regeneration can be effected with ten percent solution of sodium chloride in 
case of all salts mentioned but those of lead, for which sodium nitrate is 
needed.— Arthur P. Miller. dire 

Harpenden, England, Water nade An Improved Method of Construction. 
Anon. Water and Water meee 32: 381, 419-421, September 20, 1930. 
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Reinforced concrete, as compared to steelwork, has disadvantages both of 
higher initial cost and of being slower to erect. Assemblage of loose bars ang 
stirrups in reinforced concrete is further source of anxiety. These digad. 
vantages are overcome in “‘reinforced steelwork,’’ as exemplified in ney 
Harpenden water tower. The steelwork in this design forms rigid, self-sup. 
porting, pre-erected structure, built up of R. 8. sections and plain round steg| 
rods, which will carry its own weight, that of the attached, or suspended, 
concrete forms, and that of the wet concrete and other loads incidental to 
construction. Unlike structural steel construction with concrete protecting 
layer, the rigid steelwork in this scheme will not carry the ultimate load until 
it has been reinforced with concrete. This system is suitable for water-con- 
taining structures, because full permissible tensile stress in steel can be attained 
without detriment and positions of stoppage planes so fixed as not to affect 
water-tightness.—Arthur P. Miller. 


Damage to Water Pipes Caused by Frost. Royal Institute of British 
Architects Sub-Committee’s Inquiry and Recommendations. Anon. Water 
and Water Engineering, 32: 381, 423-424, September 20, 1930. As a result of 
severe frost in England (12°F. in London) in 1929 and consequent damage and 
inconvenience from frozen fixtures, it is recommended that local water com- 
panies and authorities should make by-laws putting water pipe lay-outs ona 
more scientific basis, and certain constructional data and suggestions relative 
to plumbing are submitted for use in this connection —Arthur P. Miller. 


The Use of Active Carbon for the Purification of Waters. Recent Develop- 
ments Reviewed. Anon. Water and Water Engineering, 32: 381, 424426, 
September 20, 1930. At Hamm (Germany) active carbon filter plant was in- 
stalled last year. Carbon used was Hydraffin II. Carbon bed 24 m. thick is 
supported in 3 m. container on sieve. Water flows through filter at rate of 
34 em. per second (84 inches per minute) ; but later experiments at other places 
indicate a better rate to be from 1 to 2 cm. per second (24 to 48 inches per min- 
ute). Flushing filter backwards once a month brings it back to original speed. 
Purifying action is apparently not due to pure adsorption, but to decomposi- 
tion of chlorophenol and removal of harmless decomposition products. After 
seven months filter was rejuvenated by steaming and thereafter, at shorter 
intervals, until after 1} years carbon was replaced with new. At Dresden, 
carbon filter is used to remove unpleasant taste and at Magdeburg, small 
filters, filled with fine-grained carbon. At Aussig, carbon is used as dechlorin- 
ator after superchlorination. Stuttgart has decided to follow Aussig practice 
which will also effect color improvement in finished water. Carbon is to be 
regenerated with strongly .chlorinated soda and calcium chloride soluti 
Arthur P. Miller. 


NEW BOOKS 


ac Untersuchung Des Wassers an Ort und Stelle (The Investigation of Water 


at the Source). H. Kuvt, sixth edition, Julius Springer, Berlin, 1931. This 
4 ers volume of 180 pages has again been revised and brought wr to 
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date. It has also been considerably enlarged since the appearance of the fifth 
edition in July, 1927. The book contains detailed instructions for the collec- 
tion and examination of water samples. A very extensive list of references to 
the original literature is given in connection with each section. The present 
edition contains a valuable 40-page summary of our knowledge of corrosion. 
This chapter is a welcome addition to the present edition. The generous list 
of illustrations of apparatus adds materially to the value of the work. The 
American chemist having to deal with water analysis will find this a very val- 
uable handbook, supplementing at many points American publications in 
this field.—A. M. Buswell. 


The Ammonia-Chlorine Process and Its Application in the Treatment of 
Water. Joun C. Baker, Franz C. ScumE.kes in collaboration with Wal- 
lace & Tiernan Research Staff. Research Publication 305: Wallace & Tiernan 
Company, Inc. The hypochlorous acid formed when chlorine dissolves in 
water, 

Cl, + H.O = HCl + HOCI (1) 
reacts with ammonia to form, dependent upon pH, either monochloramine 
(NH.Cl), dichloramine (NHCl,), nitrogen trichloride (NCl;), or mixtures of 


these, the reactions being: ao 
HOC! + NH; = NH.Cl + H.O ne 
2HOC] + NH; = NHCl.+2H:0O ~— 
3HOCI! + NH; = NCI; + 3H,0 (4) 


“The reaction (4) takes place at pH 4.4, or less, whereas above pH 4.4 a grad- 
ually shifting equilibrium occurs in which dichloramine and monochloramine 
coexist, 100 per cent dichloramine being produced at pH 4.5 and 100 per cent 
monochloramine at pH 8.5.’’ Chief difference between action of chlorine and 
of the chloramines is probably of electro-chemical nature. Oxidation poten- 
tial of chlorine is considerably higher than that of chloramines. Extended 
discussion of this phase of subject is given. Points of application of ammonia 
and chlorine should not be so far apart as to permit dissipation of ammonia by 
organic life, but should be sufficiently far apart to permit thorough mixing of 
ammonia with main body of water, before chlorine is added. Diagrams are 
presented showing graphically effects of application of the two chemicals at 
different relative distances. Ammonia-chlorine process is a preventative of 
tastes produced by chlorine. Chloramines do not produce taste because of 
their lower oxidation potential. ‘‘A certain oxidation potential is necessary 
to introduce chlorine into the phenol molecule to form the taste-producing 
chlorophenol compound. Any means taken to lower this oxidation potential 
will bring about taste reduction. Ammonia by combining with chlorine low- 
ers the chlorine oxidation potential. Increase in pH likewise lowers the oxida- 
tion potential, but not sufficiently to prevent taste-producing reactions. It is 
no mere coincidence that the center of phenol taste epidemics in the country 
is in an area of water supplies with lower pH.” Special attention is called to 
the slow action of chloramine as a sterilizing agent and its variation directly 
with the pH. Care should be taken to insure that adequate time is allowed for 
sterilization before water reaches consumer. Where prechlorination and 
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through plant, but where these processes can be used only on plant effluent, 
caution is particularly advised. High residual should be carried and from 
one-half to one hour interval should occur between final treatment and earlieg 
delivery to consumer. Persistency of the residual has given remarkable 
results in reduction of after growth, algae, and crenothrix. This paper merits 
close study from any one interested in ammonia-chlorine process. It ¢op- 
cludes with bibliography giving original sources of all references.—R, J, 
McNamee. 


Selected Papers, University of Florida, Short Course in Water and Sewage 
Treatment. General Extension Division Record, 11: 16, April 1930, Univer. 
sity of Florida, Gainesville, Florida. Cement Lining of Salvaged Cast Iron 
Pipe. J. R. Tanner. 12-16. Unlined cast iron pipe supply main to Palm 
Beach across Lake Worth, laid in 1920, was abandoned in 1927 due to many 
breaks and leaks resulting from tidal action. It was salvaged in 1929 and 1930, 
at total cost of about 90 cents per foot. Salvaged pipe was brushed out and 
lined with cement by centrifugal process similar to that used at factory. Cost 
of lining was 19 cents per foot. The Hardness of Public Water Supplies in the 
United States. W. D. Coitins. 17-19. Brief résumé of subject matter of 
U. 8. G. 8. Water Supply Paper 496. Feedwater: Its Chemical Treatment 
as Practised on the Atlantic Coast Line Railroad. O. L. ANDERSON. 19-2), 
Typical water treatment plant on A. C. L. employs hydrated lime, soda ash, 
and sodium aluminate and consists of automatic proportioner, settling tank 
having detention period of four hours, and excelsior filter. Typical water 
available in Florida carries incrusting solids up to 50 grains per gallon. Ex- 
perience in operation of these plants indicates that close attention and fre- 
quent general supervision are essential to good results. Every pound of 
scale in boiler feedwater is calculated to increase operating expenses 13 cents. 
A. C. L. is now experimenting with internal boiler treatment, especially for 
stationary steam generation. The Daytona Beach Water Softening Plant. 
B. F. Tippins and F. T. Stuart. 21-23. Removal of Iron from City Water 
Supply, Punta Gorda, Florida. CHartes K. Dopp. 23-27. Punta Gorda 
supply, obtained from five 6-inch wells, is aérated and filtered for iron re- 
moval. The Boca Raton, Florida, Water Treatment Plant. H.S. R. McCurpy. 
28-31. Boca Raton is supplied by two 10-inch wells driven to rock. Treat- 
ment plant consists of aérator, mixing tank, coagulation basin, carbonation 
basin, and filters. All units except filters are designed for rate of 1 m.g.d; 
present installation of filters for 4 m.g.d. The Acquisition of a New Source 
of Raw Water Supply for Orlando. C. F. UNprRHILL. 31-35. Interesting 
discussion of problems presented in acquisition of rights to use of Lake Under- 
hill for new supply for Orlando. Accounting for Municipal Water Works. 
Ben Bripges. 35-38. Outline of accounting system developed at Talla- 
hassee, Florida, embracing four public services, electric light, electric power, 
gas, and water. Ledger sheets and consumers’ bills carry statements of all 
four services. Meter records and work orders described and illustrated. 
Water Works Accounting in Privately Owned Plants. P. Paut DeMoya. 3+ 
43. Discussion of system in use at Stuart, Florida, with particular refer 
ence to operating and mainte unting.—R. L. McNamee. 
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Developments in the Treatment of Acid Mine Drainage. Lewis V. CarpEn- 
rer and ALFRED H. Davipson. Reprint Bulletin of the West Virginia Uni- 
versity Scientific Association. Drainage from coal mines has become an acute 
problem in West Virginia due to acidity of water. From numerous meas- 
urements it is indicated that quantity of mine drainage amounts to about 
25 per cent of rainfall on area from which coal has been exhausted. For 
an ordinary year in West Virginia it is about 1,000 gallons per day per 
acre of coal exhausted. There is little seasonal fluctuation. No direct 
relation is observed between quality of coal and acidity of drainage water. 
Acid mine water is very detrimental to streams used for domestic, com- 
mercial, or recreational purposes. It is supposed to have serious effect 
upon fish life, but further research is necessary to determine limiting con- 
centrations. No one method of treatment has been found satisfactory for 
all mine waters. Largest installation [presumably, in West Virginia, ApsTr.} 
is at Calumet mine of H. C. Frick Company. Water is pumped from mine, 
lime mixed with it, and treated water passed through thickener having reten- 
tion period of four hours, following which there is period of plain settling. 
Settled sludge is pumped on to revolving steam-heated drum which evaporates 
large part of water and leaves deposit of ferric hydrate. Plant has been dis- 
continued because of inability to market ferric hydrate. Other plants of this 
type have been designed but not built. Filter employing limy marl as neu- 
tralizing agent, installed at one plant, improved character of stream and abun- 
dance of fish life very much, but has, nevertheless, been abandoned. Various 
schemes for neutralization of acid mine waters have been patented. One of 
these is based on passing liquid waste through porous calcium carbonate and 
maintaining contact period of between two and five minutes. Kaplan-Reger 
process for treating mine waste waters consists ‘‘in adding to the sulfate 
waters a complex organo-metallic compound which combines with the chemical 
compounds of the water and forms a blue pigment to be known as Monongahela 
blue and at the same time removes the acid . . . the added chemicals com- 
bine completely with the chemicals in the water to form an insoluble market- 
able product, leaving the water practically free from acid and mineral sub- 
stances.’’ No large scale installations have been built. Magnesite has been 
suggested as neutralizing agent. About one-third as much magnesite as lime 
is required. Abandoned mines yield large volume of acid water. This burden 
should be removed from streams by sealing such mines. In studies of the 
effect on pH value of dilution of mine water, it appears that ‘‘there is a range 
of dilutions for pactically every mine water which gives the same pH value. 

. Very frequently samples of water diluted by an alkaline stream showed 
the same pH value [after] as . . . before the addition of the diluting water. = 
Research is necessary to determine the limits of pH and acidity essential for 
support of major forms of aquatic life. It is generally agreed that, after coal 
has been mined, the percolating water brings about the oxidation of pyrites 
into ferrous sulphate and free sulphuric acid. The ferrous salt oxidizes. to 
ferric which, easily precipitated, gives the familiar brownish-yellow deposit of 
streams that carry sulphur water. The following reactions indicate what is 
assumed to take place: ‘ssntrstea 

2FeS2 + 2H:0 2FeSO, + 2H.SO, t0 
and this reaction continues as follows: rh 
4FeSO, + 2H.SO, + Oz 


(SO,4)s + 2H:0 
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{and, by hydrolysis, Feo(SO,4); + 6H,O = 2 Fe(OH); + 3H2SO,]. Anaérobie C. 
activity of sulphur bacteria might possibly explain in some cases the high Re 
acidity found. ‘‘A series of laboratory tests were made to determine the fre 
feasibility of using various neutralizing agents for the treatment of acid mine ta 
waters. A sample of water with an acidity of 22,700 p.p.m. and a pH of 29 to 
was selected for the tests. The neutralizing agent was added in varying pe 
amounts until the pH value had reached 5.6. This value is high when the a 
volume of diluted water available is appreciable but it is about the lowest (1 
limit for the support of major fish and plant life. The quantity of sludge was tu 
measured, and its water content determined. of 
Data on the neutralization of 1000 gallons of acid mine water and the resultant fr 
sludge di 
whey NEUTRALIZING AGENT | WEIGHT, DRY b 
hd. bras ( 
per cent 
Lime (90 per cent CaO).............. 172.5 35 424 r 
Pulverized limestone.................. 434 35 621 
Sodium hydroxide.................... 130.0 25 188 
161.5 40 352 
Ammonium hydroxide................ 160.0 20 130 
80 
Potassium ferrocyanide*.............. 142.3 264 | 

plus potassium ferrocyanide. ........ 103.5 389 


*This quantity of potassium ferrocyanide brought the pH value to 3.0 
only, as compared to 5.6 for the other processes. 


On a cost comparison basis it was figured that the limestone treatment would 
be cheapest. On the basis of capitalized cost of plant drying of sludge and no 
return for the sale of sludge it was figured that the total cost per 1000 gallons 
would be $0.90. This treatment would neutralize the water but would not 
make it suitable either for domestic or industrial use on account of its hard- 
ness. It does seem to remove the majority of the iron from the water. These 
laboratory tests clearly indicate (as many other results have already shown) 
that the success of treating mine waters will not be assured until some method 
of utilizing by-products has been developed that will help pay the operation — 
costs.’’ Paper concludes with short bibliography.—R. L. McNamee. 4 
Experimental Studies of Natural Purification in Polluted Waters. IV. The ’ 
Influence of The Plankton on the Biochemical Oxidation of Organic Matter. 
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C. T. Burrerrietp, W. C. Purpy, and E. J. Tuertauur. Public Health | 
Reports, 46: 8, 393-426, February 20, 1931. Further comprehensive report — 
from Division of Stream Pollution, U.S.P.H.S. Experiments were under- — 
taken to determine interactions of the biological factors, bacteria and plank- __ 
ton, and part played by each in process of natural purification, especially of — 
polluted streams. Preliminary work showed the necessity of determining, in ba 
a simple reproducible medium, extent of oxidation, if any, which occurs: 
(1) in absence of all living organisms; (2) in presence of pure, or mixed, cul- 
tures of bacteria in absence of plankton; and (3) in presence of pure cultures 
of plankton in absence of bacteria. With the authors’ dilute dextrose-pep-_ 
tone medium, following results have been obtained: (1) When preserved free | 
from biological activity, it does not absorb any dissolved oxygen under con- 
ditions of these tests. (2) When inoculated with bacteria in pure culture, it 
favors their growth. They multiply rapidly, reaching a limiting population 
by second day of incubation, and maintaining it for long periods of time. 
(3) While bacteria were actively multiplying, oxygen was depleted at rapid _ 
rate. After limiting population had been reached, depletion of dissolved — 
oxygen practically ceased, although living bacterial population remained 
quite high. (4) Results observed with mixed cultures of bacteria, free from 
plankton, were same as with pure cultures, except that extent of oxidation was — 
somewhat greater. (5) The protozoon, Colpidium, grew well in presence of © 
bacteria in dilute dextrose-peptone solution; but not when bacteria were ab- 
sent. When concentration of food in medium was increased 100- to 1000-fold, 
Colpidium grew well without bacteria. It is concluded that in dilute medium, 
bacteria act as collectors or concentrators of Colpidium food. (6) Colpidium — 
growing in pure culture used up only comparatively small amount of oxygen. 
(7) When bacteria and plankton were grown together in dilute medium, © 
results obtained during first two days of incubation were approximately same 
as when bacteria only were present. After first two days, bacterial numbers 
were not maintained, but were reduced rapidly; reduction being accompanied — 
by plankton increase. Oxidation process did not cease, but continued as in 
natural polluted waters. (8) In general it can be said that extent of oxidation © 

observed in dilute dextrose-peptone solution varied thus; that the greater the — 
variety of organisms acting in the medium, the more extensive was the oxygen | 
depletion observed. Theory is advanced that chief function of certain plank- | 
ton in biochemical oxidation process is to keep bacterial population reduced 
below saturation point and thus to provide conditions suitable for continuous 
bacterial multiplication, this in turn resulting in more complete oxidation. 
Support is given to this theory by results of experiments in which physical and © 
chemical means were used to reduce the bacterial population. Such reduc-— 
tions were invariably followed by renewed bacterial multiplication with 
accompanying oxidation. Four charts, and 11 references ar 
given.—R. E. Noble. 
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